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1) August 1952: “Modification of Acute Irradiation Injury in Mice and Guinea 
Pigs by Injection of Bone Marrow: A Histopathologic Study” by Charles C. Congdon, 
etal. The authors request that on page 85, table 2, last column (‘‘Percent mortality’’), 
the last figure be changed: 

for 56 read 61 
And on page 85, in the sentence under the table: 
for 56 percent read 61 percent 

Reference 21 on page 90 and the sentence on page 74 (last paragraph) pertaining 
to this reference should be deleted. The original paper of Kast & Rumpel has since 
been found. Kast & Rumpel simply described in an atlas the femoral bone marrow 
of a patient suffering from pernicious anemia without reference to clinical treatment. 

2) October 1952: “Influence of Sex Hormones on the Incidence and Form of Tumors 
Produced in Male or Female Rats by Gastric Instillation of Methylcholanthrene”’ by 
Harry Shay, Charles Harris, and Margot Gruenstein. On page 318, the 7th line of 
the Summary, omit the words “‘spayed and castrated”’: 

for predominating in spayed or castrated animals read predominating in animals 

3) February 1953: ‘“‘Tumor-Damaging Capacity of Plant Materials. III. Plants 
Used as Pesticides” by Morris Belkin and Dorothea B. Fitzgerald. The authors 
have now found that the sample of simaroubidin stated (pp. 890, 892) to come from 
Simaruba amara is glaucarubin from Simarouba glauca. 

4) February 1953: “The Use of Intragastric Balloons Containing P** in an Attempt 
to Produce Adenocarcinoma of the Stomach in the Mouse” by George E. Moore, 
Grafton A. Smith, and Edwin L. Brackney. On page 964, the 4th line under table 1 
(“not known . . . squa-’’) should read: 
the 159th day postirradiation. In both instances, the carcinoma was a typical squa- 
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Studies on the Blood Supply of Tumors 
| in Man. V. Skin Temperatures of 
Superficial Neoplastic Lesions '! 





Howarp R. BIERMAN, RUTHERFORD S. GILFILLAN,? KEITH 
H. Ketiy, OLiver T. Kuzma, and Morris Nose, Labora- 
tory of Experimental Oncology, National Cancer Institute,’ 

| and the Division of Medicine, University of California 
School of Medicine, San Francisco, Calif. 


The blood supply to many types of neoplastic lesions has been shown 
to be more than expected for uninvolved tissues (1-4). The unusual 
pattern of this increased vascularity has been shown by gross and micro- 
scopic anatomy and arteriography. The increased permeability of these 
capillaries was reflected in the increased uptake and persistence of fluo- 
rescein and related compounds in the tissues of certain tumors (J, 5, 6). 
Skin temperatures immediately overlying superficial neoplastic lesions 
have been observed clinically to be greater than the surrounding skin, 
or a comparable region of the contralateral side of the body. 

The body surface temperature at any given moment is the difference 
of the heat brought to it by the blood and the radiation from its surface 

| (7, 8). When the environment is maintained at a constant temperature 
between 25° C. to 31° C., it can be reasonably assumed that any rise or 
fall in skin temperature reflects an increase or decrease in blood flow. 
The relative stability of surface temperatures in the thigh, upper arm, 
and torso are probably reflections of the underlying large tissue mass, as 
well as the relative absence of neuro-myo-arterial-glomi and the more sparse 
sympathetic control as contrasted with the foot, ankle, lower leg, hand, and 
forearm (7,9). The limbs and trunk exhibit a marked bilateral symmetry 





1 Received for publication January 21, 1952. 
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of skin temperature with rather marked longitudinal fluctuations (7-11). 
For most purposes the differences from side to side are insignificant as 
one proceeds distally in the extremities, usually being less than 1° C. 
and rarely more than 1.5° C. (12, 13). Temperature studies performed 
on one side of the body, or on one limb, may safely find a control in 
the contralateral part or limb. The surface temperatures of the thighs, 
trunk, shoulders, and upper arms are much more stable than the distal 
extremities and fluctuate much less with environmental changes. 

In 1835, Becquerel and Breschet (14) measured the interior and surface 
temperature of a carcinoma, but failed to realize the significance of the 
increased temperature. 

This report deals with the measurement of surface temperatures imme- 
diately overlying these superficial neoplastic lesions and comparable 
uninvolved regions. 


SUBJECTS AND METHODS 


Twenty-three patients with accessible neoplastic lesions located in, or 
immediately beneath, the intact skin were selected for thisstudy. Lesions 
with ulceration of the skin and clinical evidence of infection, inflammation, 
or necrosis were avoided. The surface temperatures were measured with 
copper-constantan thermocouples attached to a portable galvanometer 
or a multiple lead potentiometer. The thermocouples were held in place 
on the skin surface by a narrow band of adhesive tape. In each study, 
the temperatures of several points in the region were carefully recorded 
to avoid the inadvertent location of a thermocouple over a major vein or 
artery. Fourteen cases were studied at room temperature (23° C. to 27° 
C.). Nine additional patients were studied under constant environmental 
conditions (18° C. to 21° C. and low air velocity); on 8 occasions reflex 
vasodilatation tests were performed. In 7 ofthese cases, the temperatures 
were measured every 5 centimeters from the tip of the extremity to ap- 
proximately the costal margin. All regions were studied nude after at 
least 1-hour exposure to the ambient temperature, and the patients had 
not eaten within 4 hours. Thermal circulation indices were calculated for 
both the tumor and control sites in accordance with Burton (15) and 
Sheard (16). Two patients (C. You. and R. Web.) received a rapid intra- 
venous infusion of 1,000 cc. of refrigerated isotonic glucose and water 
(5° C.), and the peripheral skin temperatures over tumor and control areas 
were continuously recorded during and after the infusion. One patient 
(C. Dun.) had received 1,200 r in air to the lesion within the previous 2 
weeks. The reproducibility of the temperature recordings were within 
0.2° C. for a given temperature. All patients were diagnosed by appro- 
priate biopsy, and a biopsy was also obtained when possible from the nod- 
ule or area measured for temperature at variable times after the study. 

In patient A. Lec., an amputation for malignant melanoma of the distal 


phalanx of the right thumb was performed but the tumor regrew back 
over the amputation site. 
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RESULTS 


The surface area of neoplastic lesions in 16 of 23 patients was observed 
to be significantly warmer (1.4° C. or more) than the surrounding or com- 
parable areas (text-figs. 1, 2, and 3); in 12 cases the difference exceeded 
2° C. (table 1). In 2 patients with neurofibromatosis with large lesions, 
the temperatures over the café-au-lait colored spots, but not the lesions, 
were also warmer than the control areas. In general, the skin temper- 
atures measured over the thigh, upper arm, and torso were relatively 
stable regardless of variations in room temperature. 

In the 9 cases studied following exposure to temperatures between 18.1 
and 21.7° C., the tumor site remained warmer than the uninvolved sur- 
rounding skin or comparable areas, and also exhibited less cooling re- 
sponse than the normal areas. 

Clinical observations of the lesions suggested an increased vascularity 
in the area of the tumor. Many of the lesions were erythematous, and 
small dilated cutaneous vessels were visible with the aid of a low-power 
lens. Manual pressure over such erythematous areas produced blanch- 


HC o& AGE 37 4-27-51 
MALIGNANT MELANOMA 


OF RIGHT SHOULDER METASTATIC TO 
RIGHT ANTERIOR AXILLA 


i ROOM TEMPERATURE 


20°C 
SCAR OF S60 <<<. ==- 7 4 ere 337 
EXCISION OF __ 308 -----; i ee 326 
PRIMARY LESION 37.0 ----—- 1 o—-)}----- 32.9 
36.6 —-—--- % ‘ mF da aaa 33.0 





TEXT-FIGURE 1.—Simultaneous temperature measurements in a patient whose primary 
lesion of malignant melanoma appeared in the skin of the right shoulder. The 
temperature over this area of extensive excision was lower than that of the contra- 
lateral shoulder, while the temperature over the metastases to the right anterior 
axilla and thorax was markedly warmer than the control area. 
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‘TEXT-FIGURE 2.—Temperature measurements over metastases in the left inguinal 
area illustrating the warmer areas over the involved nodes compared to the unin- 
volved right inguinal region. 


ing, with immediate return of color upon release of the pressure, which 
was more rapid in most cases than usually occurs in uninvolved skin. 

Necrotic lesions of malignant melanoma in patient G. Har. showed some 
increased temperature but not as great as that measured over the intact 
and obviously more recent lesions. 


In one patient (L. Bio.), the skin temperature approximately 1.5 cm. 


from the edge of a metastatic lesion of an esophageal carcinoma, was 
only 0.1° C. below that over the center of the lesion, while all other sur- 


rounding areas were between 31.4 and 34.0° C. (text-fig. 4). A comparable 
area on the exterior surface of the contralateral forearm measured 32.0° C. 
It was observed that this single area exactly overlaid a large single vein 
draining the lesion. In one case (A. Lec.) the lesion located on the right 
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TEXT-FIGURE 3.—Temperature measurements in a patient with carcinoma of the blad- 
der that infiltrated the skin and subcutaneous tissue in the hatched and stippled 
regions. 


thumb was 12° C. warmer than the identical area on the left thumb, at 
an environmental temperature of 18.5° C. (text-fig. 5). The fifth finger of 
the involved hand behaved in a normal fashion following the general cool- 
ing pattern of the normal or uninvolved extremity. 

In two patients with malignant melanoma, who received a rapid intra- 
venous infusion of 1,000 ce. of cold isotonic glucose in water (5° C.) within 
12 minutes, the temperature overlying the tumor decreased promptly and 
before the rectal temperature fell. In patient C. You., the rectal temper- 
ature decreased approximately 0.5° C., while the temperature overlying 
the melanoma on the sole of the left foot decreased 1.0° C. (text-fig. 6). 
The temperature over the identical area on the right foot, in the meantime, 
remained constant. The second patient responded likewise with the 








JOURNAL OF THE NATIONAL CANCER INSTITUTE 






































“quiny} 
*quiny}y qys11 duinys 
¢°LZ |80° 2% 8I 9;93T | 2 SI 8e| ¢ SI 02 oe WOT uoneyndury ” 8h | W | 9PT “VL 
“BUIOUB[OUL 
€'T €€ |v} ee | 20) tt) 2 lb 8e bZ| 1 GE) Lee) -Ustys Yor] | ~-- 4 srg) 9ysIY oe oy | d | 4OW “tf ‘9 
“ys 
*Bo] pus Sol one 
¢'T 3 €);&%)|/ce)|248)86 88} 93 Le) 8 ‘FE CLC lt: i rs 89] 9J9'T | 0} OF BISBJOUr 
“"ysryy BUIOUBIOUL 
8% GO@;12)/2E/9T | 86) VT 8& GZ) € bE) FOE aay |  UsTyd WOT queuseW | 88 | A | 48H ‘"D “¢ 
*Jop[Noys FysII 
“*BlTIXe WYySUI ‘suloUB[OUL 
G‘L ¢‘% | 88ST G¢|}6° | 6%6I LT) 6 ‘LE 02) 6 SE LE ” 0} SISBISBIOIT queusyeW | 246 | W | 480 ‘HF 
“BI[IXB “*BULOUBIOUI 
b% ¥Z1;89 1/97/92] IT SPI LE 13] b SE) GSE —st) BIEXB WYyBIY qaRUA TON sé | WY 4nd’) *€ 
“ul013 “UI0I3 459] 12] ‘wunut 
1? 80); ZL £ 9 Ol 8€ gZ 1€ st qsIy 0} SISBISBIOIY | ~[OU oo 40) d | UN WY 
0} oneye 
“4sBo1q -B}0U BULOU 
88 GI] ¢ et; 0%v)|2°0 9/£6 Le; Lz ee] € OE Ct i WSBolq WOT | -Bjou yususyeyy | ¢Z | W | 49M “UT 
| 
O1} | 1OUI ° ° bes ™ 
Wop] ng, | lo | sour | youn | sow | ag | 8 | poi | sot 
"1 ‘1 ad L o L ~09Y Hu O—} -AL 
pe. te BIIB [01JUOD| UOIse] JO BoIy SISOUSBICT a3 y| xag osu 
xopul 
uoIzB[Nod| *P—* 7 °L—L ‘dway, *duio} uryg 
[Busey y, | 























pte | 


XOPUI UOT}PB[NIID [VUIIEyy =I = **—“ 


“L— "dh 


8IIIPUL UONDINILID JODULLIY} 419Y) PUD DILD 1047U0I YPM DaiD sOWN) Hursvdwos syuaynd gg fo DUP anjosadway—| AIAVY, 





SKIN TEMPERATURES OF TUMORS 


£@ 
8° 
9°T 


9°8 
6% 


L’e 
L'T 


c's 


LZ 
ZFS 


LE 





€'T 


rs 


9°0 
60 





2 Tt 
‘7 


6% 
9 °T 


2°¢ 


LZ 
8'€ 


ZIP 


N 


Ye 














on 
“os 
= 0 l= 


€I 


21t 
£ ZI 


Lvl 


8°L 
v's 


$6 


¢ ‘OT 





8 LE 


LE 
LE 


8 9E 


PLE 
PLE 


LE 


€ LE 





9 ‘02 


8 ‘61 


bz 
P&S 
P&S 


L'‘1@ 


8 IZ 
T ‘81 


€ ‘61 


8 ‘92 
8 9% 


Lz 


b ‘0G 








Lee| 


8 EE 


8 ‘SE 
€ cE 
z SE 


z 9 
L't€ 


et 
b OE 


0 FE 


9 “bE 
& SE 


¢ '9€ 


6 ‘9E 





“4sBo1q 
WOT 


“ULIB 
-910} 4J9'T 
*xBloyy 

WoT 
"qsBorq 
WsIY 


“snioul 
“ny 4joT 


*UlOI3 4JO"T 


“nUIay 
[84SIp 9Jo'T 


*O[DIABID 
WPT 

‘Tsu 

-Indur 
WI 


~ 400} WWII 


‘Teurnsur 


qINY 


*4ooJ 
qWINY 





~~~ ~4sworq $y3IYy 
“4sBoiq JUS 
Jo SIsBysByoul 
snoousynoqns 

pus snoousyng 
“UILIBOIOJ FYB 
0} SISBISBJOUL 

snosusynoqng 


~---xXB10Y} WIN 


os oe ysBolq Fjo'T 


“-sniouiny 443IyY 
“ulold YS 
0} SISBISBIIIY 


“Inula 
TB4sIp IysIY 
“Inula 
[33SIp IY4SIY 


*QPOIABIO FYDIL 
0} SISBISBIO]| 


*(%S-ZZ-1) 
jeuingzul yay 
*(ZS-2% 
—T) 300J 4Ja'T 
*(1S-1Z-01) 
SISBISBIOUL 
[BuInsul 4joT 
*(IS-L-I1) 
400} 4J2] JO 
uorsa] ALB 





“4sBoIq 
443 jo suloU 
“10180 AIBUILIG 


“4sBolq 
4y3i1 BuIOUrD 
-1B0 JUIIINIGY 


‘sn3eydoso oy 
jo BUIOUIDIBD 


JoppeTq ay} Jo 
BUIOUINIBO [[99 

[BUOI}ISUBLT, 
*‘snazouIny 
44311 0} 919 
-eisejour Aou 
“pry jo surou 

-lo1g.0UNPY 


“BULOUTIIBO [BU9Y 


*InuUIgJ 

qVYUSII BUIODIBS 
d1U93094SQ 

*BULODIBS 
91U93094SQ 

“BIqry 

qYy Sil BUIODIES 
91U93004SQ 


"uoIsaL 
yeutnsul 
4J2] 09 914 
-81SBJIUI JOO} 
4J2] JO a0RJ 
-ins 1e}ue|d 
jo sulous 
-[oUl JUBUZI[BIY 





6€ 


LY 


09 


99 


bP 
ce 


02 
FI 


tI 


OF 











"MPA TLT 


ad Ge & 


~~" Org “T “ST 


"OF “8 “FT 


~""UIM “L&T 


‘ft Gl 


“nox ‘D8 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 






































jusuIOpgsB “usmIOpgs 
21 |3°¢ 9/81T|9T/F6|96| ZL) 98 b'SE| 9 G8) WT | 3431 Jo sown, 
“4soyo 
4431 yods “SISO 
ST |9Z|9F1Z8 Z1/F8/26| S28] 92 & PE) SGE)~Is0Y9 YoT WB[-NV-gyBQ | -wuIoIqgoINeN | ZZ | W |~~~ MBI “I ‘1Z 
‘PH SISO} 
rT |ezleel| ee | 9%] 62/98) S28) 92) 6 Sk) 9 PE) 19MO] JOT |-~pi somo] yqAIY | ~BUIOIqyomneN | g | W |~~~"¥ID “A “02% 
*PIEY 
Aulo4j00 seul 
“4SBo1q ul 4SsBO1q 
quai jo surou 
IT |61T/2@/8b/6e)|¢98| 68) Sze 2 FZ 288] 9'ee| jody |----- qsBoiq 3J9'[ | -fo1wo JuoLINDIY | Bg | A |-~~"3Ng “d “61 
*sn[oo| ; 
-[BUI [B10 “*sn[oo][Bur 
+S | PT ES |/6E)/2e)/9S) b'L L€| 9°22] 1 88] 8 hE) ~F8L JUFTY [81978] 9J9’T 
‘sn “*BIQI} [BISIP 
-O9] [BUI 9J9]| 0} 919848 
[BIpour “snpoo| [Bur -BJOUI 4SBIIG 
I’ |etl/es¢ b/s T|¢'s 8 4} G°24z|  e8| ¢ Se way [eypour 439"T jo vurouley | 2b | A |-~"4ind ‘H ‘SI 
jor} | tour a if 3 e a 2 ae 
-u0g}] ny un “a Fea ai 18} ~s Jou} | 1ou 
"1 ‘1 . al 4 | -093] -U0D) -nyL 
catia — = | BO1IB [OIJUOD]| UIs] JO Barly SISOUSBIC] aay) xog asBp 
: xopul 
uOI}BlNoI9) 8 PE — 7b °L—L ‘duiay, ‘duia} uryg 
[BUOY 


























ponulyUuoj—saI1pur Uw0IDjNILI9 POW49Y) 419Y}7 PUD DALD 104]U09 YPM Das” soWN) Butsvdwod sjuarynd gg fo DJDp ainyosadway—*| AAV, 


XOpUl UOI}BINIIIO [BUILeY} =1= 


yt Aer! * 


oO 7. 
L- iL 








OF TUMORS 


SKIN TEMPERATURES 





9'T 





% 


9 °2 


9% 





let 





a 7 
6 @ 


(a 3 
8'E 








a €I 

2 | € tl 
8‘€ | $ Ol 
$Z'6%6 





6 6 
ie Oi 





L‘LE 
L ‘LE 


L‘LE 
L‘LE 





x6 
FZ 





6 


eé 


ve 
"et 





‘€é 


Bt 





*4soyo 
Jol 
-9}UB JOT 
*prjaAo 
soddn 4ja'T 
*PIOS 
AIV]IXB 
ION} 
“UB FYB 





“4s0yo 
1O1I0ZUB YYSIY 

*prjaAo 
soddn 4yyany 


‘ploy Arvljixe 
JOIINIUB 4jJoT 

“4IB[-NB-9JBO 
UudUTIOpds’ FYBIYy 





‘puss prordyy 
jo BUIOUIDIBO 


*SISO} 
-BUIOIQYOININ 





09 


LP 





W 





“-"" YS “A “82 


~~ “Uog “H °3% 








10 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


L.B. & AGE 60 
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level of tumor 
on right 32.0°C 


EXTENSOR SURFACE RIGHT ARM 


TEextT-FIGURE 4.—The temperature over the lesion is 35.4° C. and is much warmer than 
the other surrounding areas, except for the measurement of 35.3° C. just proximal 
to the lesion, and was found to be directly over the large single vein draining the 
tumor mass. 


temperature over the metastases above the left breast falling more 
promptly and relatively farther than either the rectal temperature or the 
temperature over the uninvolved identical area of the right breast. 

A carcinomatous metastasis to the distal part of the left tibia from a 
primary neoplasm in the breast exhibited external warmth that showed 
an increased temperature directly over the lesion to exceed that on the 
control area of the opposite foot by 2.5° C. (fig. 1). 
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TEXT-FIGURE 5.—The temperatures over the tumor and control areas following the 
cooling of the room from 25° C. to 18.5° C. and then raising it to 32° C. Note the 
different reactions to environmental cooling and warming over tumor and uninvolved 
control areas. 





DISCUSSION 

The persistent increased temperature over neoplastic lesions is another 
reflection of increased blood supply and probably some degree of arteri- 
olar dilatation. Since skin temperature measurements are often elevated 
many degrees over the area of a cutaneous or subcutaneous tumor, as 
compared to the normal skin areas, the blood supply is probably quite 
rapid and large in volume. Such marked discrepancies over prolonged 
periods would not be expected simply in arteriolar dilatation with stag- 
nation, or if the source of blood was from small, superficially located 
vessels, because relatively cool and slow blood flow would result in a larger 
drop in temperature by radiation and consequently would more nearly 
approach the normal skin temperature (17, 18). In one case (L. Bio.) 
an elevated temperature away from the lesion was found to be over a 
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TEXT-FIGURE 6.—Patient C. You. with a primary malignant melanoma arising on the 
plantar surface of the left foot just behind and between the distal heads of the fourth 
and fifth metatarsals. Immediately following the infusion of the cool solution (5° C.), 
note that the temperature over the tumor falls more rapidly and farther than the 
rectal temperature. The temperature over the identical area of the right foot re- 
corded a rise at the same time. 


SKIN TEMPERATURE IN DEGREES CENTIGRADE (°C) 


large vein draining the tumor. The venous blood returning from tumors 
has been found in many types of neoplastic lesions to have a high oxygen 
content indicating a physiological arteriovenous shunt with an increased 
rapid blood flow (19). 

At the extremes of vasoconstriction and vasodilatation, skin temper- 
ature will no longer be proportional to blood flow. However, once the 
skin temperature approximates the environmental temperature, further 
reduction in blood flow will not be accompanied by any appreciable fall 
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in skin temperature. When temperatures are maximal, small increments 
in skin temperature may represent large increases in blood flow (7, 20). 
Thus increase or decrease in skin temperature may have no relation to 
real metabolic or nutritional needs in the skin per se (21). 

The marked discrepancy in temperatures over the tumor compared 
with uninvolved areas in patient A. Lec. indicates extreme increases in 
blood flow. In the acral areas the wide and rapid variation in skin 
temperature may be controlled by opening and closing the neuro-myo- 
arterial-glomus which constitutes a physiologic arterial-venous shunt in 
the skin between the arteriole and the venule (22). The shunting mecha- 
nism for increasing blood flow is apparently present over both the tumor 
and uninvolved tissues, but it appears that the range of variation over 
tumor tissue is markedly restricted compared with the normal (text-fig. 5). 

A similar situation of increased surface temperature has been noticed 
by many observers to exist in the presence of an arteriovenous fistula (23). 
Rapidly growing sarcomas of bone and vascular tumors of the abdomen 
may exhibit expansile pulsation which at times may suggest an aneurysm. 

Nerve fibers have been observed microscopically (24, 25) within tumors 
but their neurophysiological integrity has not been proved. The lesions 
of malignant melanoma, osteogenic sarcoma, and renal carcinoma were 
warmer than those of carcinoma of the breast. The breast dermatomes 
T,« 5 are known to vary from their surrounding regions (26). The skin 
temperatures overlying the heart are known to be slightly warmer than 
the corresponding area on the right (11). Consequently, lesions directly 
overlying the heart were purposely avoided. In patients S. Ero. and R. 
Web., the left breast lesions were superficial and superior to the nipple, at 
Tsg¢s and T,43, respectively. Fay and Henny in 1938 (26), recorded 
higher temperatures over a carcinoma of the left breast that had been 
previously irradiated but failed to relate the findings specifically to an in- 
creased blood flow in the tumor. 

The increased temperature differential between areas over neoplasms 
and comparable uninvolved skin during the decrease in environmental 
temperature indicates a relative lack of vascular response to environmental 
cooling within the tumor. The delayed response of the tumor vessels, as 
reflected by the slower decrease in temperature, suggests that although 
vessels in these tumors have retained the ability to contract, they are un- 
able to react fully to this mode and degree of stimulation. 

On the other hand, when the blood was cooled by the introduction of 
refrigerated solution (5° C.), the quicker and more marked fall in tempera- 
ture over the tumor area than over uninvolved areas is another indication 
of increased and rapid blood flow through these neoplasms. 


CONCLUSIONS 


The skin temperatures overlying superficial neoplastic lesions in 16 of 
23 patients were found to be 1.4 to 12° C. warmer than other comparable 
uninvolved areas. 
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The temperatures over lesions of malignant melanoma, bone neoplasms, 
and renal carcinoma were higher than those measured over the skin lesions 
of carcinoma of the breast or neurofibromatosis. 

The thermal circulation indices of the tumor sites were many times 
greater than those calculated for the control sites and, in general, the 
greater differences occurred in those patients with melanoma, renal car- 
cinoma, and bone neoplasms. 

In 9 patients, the surface temperatures of the lesions were measured and 
compared with uninvolved areas before, during, and after reducing the 
environmental temperature. The fall in temperatures over the neoplastic 
lesions during cooling of the room temperature was delayed and uniformly 
less than over the uninvolved areas. 

In 2 patients with malignant melanoma, 1,000 cc. of refrigerated isotonic 
glucose in water (5° C.) was rapidly infused within 12 minutes. The tem- 
perature over the neoplastic lesions decreased more promptly and more 
markedly than the temperatures of the rectal or control areas. 

The increased temperature over neoplastic lesions under the conditions 
of study and the cooling response following the intravenous infusion of a 
refrigerated solution reflects an increased and rapid arterial blood supply 
in these tumors. 
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PLaTE 1 


Ficure 1.—H. Dur., female, age 47. Carcinoma of the breast metastatic to the 
distal head of the left tibia. Temperature over the left medial malleolus was 35.5° C. 
and over the right medial malleolus was 33.0° C. 
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Histochemical and Morphologic Differ- 
entiation of Induced Tumors of the 
Liver in Rats ' 


Haran I. FirMINGER ? and AmBapbas S. Mutay, Labora- 
tory of Pathology, National Cancer Institute,? Bethesda, Md. 


Ten years ago Edwards and White (1) described the histopathology of 
induced tumors of the liver in rats fed p-dimethylaminoazobenzene. In 
their study, they divided tumors of the liver into two major groups: hepa- 
toma and adenocarcinoma. ‘The first group comprised hepatomas of two 
types. One type formed relatively orderly cords of hepatic cells, simu- 
lating the arrangement of hepatic parenchyma from which they were 
apparently derived [‘‘trabecular hepatoma” of Opie (2)]. The second 
type of hepatoma was composed largely of atypical cords of cells, similar 
to the hepatic cells of the first type but, in addition, possessing areas of 
glandlike epithelial structures [“adenohepatoma”’ of Opie (2)]. We also 
observed these glandlike structures in the second type of tumor, while 
studying tumors induced with p-dimethylaminobenzene-1-azo-1-naphtha- 
lene (3). These glandlike structures in the second type of tumor were 
lined with cells resembling hepatic parenchymal cells [(3) fig. 2]. 

The second major group of tumors, the adenocarcinomas, were charac- 
terized by glandular and ductlike formations lined with cells quite unlike 
hepatic parenchymal cells [(3) fig. 3]. The small ovoid nucleus of the lin- 
ing cell was located in the basal portion of the cell with its long axis per- 
pendicular to the basement membrane. Despite the different appearance 
of the cells of adenocarcinomas from those of hepatomas, Edwards and 
White concluded that both major groups of tumors of the liver were de- 
rived from the hepatic parenchymal cell. This was in agreement with 
the earlier conclusion of Maruya (4). Later, Dalton and Edwards (5) 
reiterated this opinion as to the hepatic-cell origin of both groups of 
tumors, following a study of the Golgi apparatus in hepatic tumors of 
the rat. 

Opie (2) in 1944 published a classic account of the early changes in- 
duced in the livers of rats fed p-dimethylaminoazobenzene. Opie’s classi- 
fication of hepatic tumors was essentially in agreement with that of 
Edwards and White (1). He described both adenocarcinomas and hepa- 
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tomas, and among the latter he distinguished two types, which he termed 
“trabecular hepatoma” and ‘‘adenohepatoma.”’ He differed with Edwards 
and White in his opinion as to the origin of the adenocarcinoma group, 
which he divided into cystadenomas and cholangiomas. According to 
Opie, cystadenomas arise from cystic bile ducts, and he restricted this 
diagnosis to those neoplastic lesions he regarded as tumors because of the 
presence of “atypical epithelium.” He stated further that cholangiomas 
“often proceeded to the formation of scirrhous carcinoma.’ Opie be- 
lieved the cholangiomas developed from foci of cholangiofibrosis [(3) fig. 
4]. The recent work of Price and his coworkers (6) adds support to this 
belief. These authors, studying the histopathogenesis of similar tumors 
of the liver of rats fed 3’-methyl and 4’-fluoro derivatives of p-dimethyl- 
aminoazobenzene, further suggest that all of the hepatic tumors they 
obtained, regardless of histologic pattern, appeared to have arisen from 
areas of cholangiofibrosis. This is in striking contrast to the interpreta- 
tion of Maruya and of Edwards and White, who said that such sclerotic 
areas of cholangiofibrosis are atrophic and incapable of producing neo- 
plastic growths. 

The morphologic features used to distinguish these two major types of 
hepatic tumor were clearly described by Edwards and White (1). The 
distinctive features are so evident that little confusion should exist for 
those who have examined many such tumors. In the present work, it 
was found that a study of histologic sections prepared with the periodic 
acid-Schiff reaction (PAS), with or without pretreatment with diastase, 
often makes the distinction between the two major cell types of tumor 
entirely clear and places the distinction on a functional as well as a mor- 
phologic basis. This staining procedure also provides new information 
as to the probable cell of origin of the adenocarcinomas. 


EXPERIMENTAL OBSERVATIONS 
MATERIAL AND METHODS 


The material for this study consists of liver tumors induced in male 
Osborne-Mendel rats by two azo dyes (3). The animals used in this 
study were about 3 months old and weighed 120 to 200 grams each. The 
first group of 85 rats was fed a basic semisynthetic diet containing 0.06 
percent of p-dimethylaminoazobenzene (DAB) for a period of 150 to 280 
days. They were then returned to a diet of Purina laboratory chow 
pellets without carcinogen. Fifty-seven animals developed single or 
multiple tumors of the liver 6 to 16 months after the start of the carcino- 
genic diet. The second group of 80 animals was treated similarly except 
that 0.075 percent of p-dimethylaminobenzene-1-azo-1-naphthalene (DAN) 
was substituted for the p-dimethylaminoazobenzene in the diet, and this 
was fed to the animals for 230 to 280 days. Thirty-six animals in this 
group developed tumors of the liver 11 to 24% months after the start of 
the carcinogenic diet. 

At autopsy generous blocks of tissue were taken from all the large 
tumors and fixed in 10 percent formalin, Zenker-formol or Zenker-acetic 
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fluids. Adjacent blocks of tissue were taken for chemical analyses which 
have been described separately (7). Portions of many of the tumors were 
fixed in cold acetone. Microscopic sections 6 microns thick were prepared 
in the usual way and stained with hematoxylin and eosin, and by the 
periodic acid-Schiff technique with and without previous exposure to 
diastase. In a few instances Mayer’s mucicarmine preparations were 
made. Gomori’s alkaline phosphatase method (8) was carried out on 
sections of the acetone-fixed material. 

At autopsy, the livers of all the tumor-bearing animals of both groups 
contained grossly visible nodules, with the exception of 4 animals fed 
DAN. When examined microscopically, the livers of these 4 animals 
were also found to possess neoplastic tissue. Most of the animals had 
more than one tumor nodule per lobe and, in some cases, every lobe 
of the liver was involved. The tumors varied from small gray foci 1 to 
2 mm. in diameter to large confluent nodular masses measuring as much 
as 7 cm. in greatest diameter. The tumors varied in color from pearly 
gray or gray-tan to yellow, often with mottled areas of hemorrhage and 
necrosis. 

Microscopically, more than one type of tumor was frequently found in 
the same liver, and occasionally more than one cell type was seen in the 
same tumor [(3) figs. 5, 8]. 


CLASSIFICATION OF HEpaTic-CELL AND BiLE-Duct Tumors 


Many of the tumors of these animals, like those obtained by previous 
investigators (2, 5, 6, 9, 10), could be separated into two major groups, 
but there was an even larger third group of tumors comprised of a mixture 
of elements characteristic of both major groups [(3) figs. 5, 8]. The liver 
of a few of the animals fed DAN contained undifferentiated tumors. In 
the group of tumors containing both cell types, hepatomatous tissue and 
adenocarcinomatous tissue usually did not appear intimately intermingled 
in the same focus; instead, there were whole areas of one or the other 
type of tumor with fairly definite microscopic junctions between them. 
Serial sections were not prepared and no attempt was made to determine 
whether the tumors of mixed cell types were the result of collision of two 
independent tumors, or whether they may have arisen from a more 
primitive type of cell which differentiated in two directions, toward 
hepatoma and adenocarcinoma. 

Some investigators (1, 4, 5) doubt that liver tumors arise from bile 
ducts. They point out that pseudoacinar formations and glandlike 
structures somewhat resembling bile ducts are not infrequent in hepatomas 
of the liver-cell type. Non-neoplastic and questionably neoplastic pro- 
liferative lesions of bile ducts (figs. 9 and 11) and areas of cholangio- 
fibrosis are present in livers bearing these tumors. It is generally 
agreed (1, 2,5, 9,11) that a distinct morphologic difference exists between 
the pseudoacini of liver-cell tumors, and the ductal and acinar structures 
in adenocarcinomas. This difference affords a means of distinguishing 
between these two histologic forms. 
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The adenocarcinomas are composed of smaller cells, often columnar 
rather than cuboidal. The nuclei of these ductal and acinar structures 
in the adenocarcinomas are generally smaller, more hyperchromatic, often 
oval in shape, and possess inconspicuous nucleoli. In almost every cell, 
these nuclei are in the basal portion of the cytoplasm, with their long 
axes oriented perpendicular to the basement membrane. On the other 
hand, the nuclei of the pseudoacini of liver-cell origin are generally larger, 
more rounded and vesicular, and often contain a single’ prominent nucleo- 
lus. In contrast to those of the ductal and acinar structures, the latter 
nuclei are generally located in the center of the cell. Also, in hepatomas 
of liver-cell origin, the larger cells have a greater bulk of cytoplasm that is 
often finely granular and strongly eosinophilic (or in a few instances baso- 
philic, particularly in those less common areas composed of smaller cells). 
In adenocarcinomas that grow as sheets of cells, the nuclei are more 
numerous and much closer together than the nuclei of even the small- 
cell hepatomas. The areas of better differentiation in adenocarcinomas 
frequently show cystadenomatous and papillary growths (figs. 3, 7, and 
10), unlike the pseudoadenomatous and somewhat papillary foci oc- 
casionally seen in hepatomas of liver-cell type. 


HisTocHEMICAL (PAS) DIFFERENTIATION OF TUMORS 


In the present study of hepatic tumors, it was found that the periodic 
acid-Schiff reaction was valuable in distinguishing the cells of the pseudo- 
acini of tumors of liver-cell origin from cells of ductal or acinar type in 
adenocarcinoma (bile-duct origin). The PAS technique revealed a mucin- 
ous substance, which was not removed by pretreatment with diastase, 
in cells of the adenocarcinomas. This material was stained deep purple- 
red in PAS preparations. It was found in many areas of the adenocarci- 
nomas, whereas it was not found in the cells of hepatomas of hepatic-cell 
origin. Often this material lay free in the lumina of acinar or ductal 
structures of tumors, and it may be found in the juxtaluminal portions of 
scattered tumor cells lining these spaces (fig. 3). Frequently it was seen 
as a globular purplish-red intracellular mass which often distorted and 
displaced the nucleus, and gave the appearance of intestinal goblet cells 
(figs. 4 and 5). The characteristic intrinsic granular and fibrillar matrix 
of mucin was evident both in the intracellular globules and in the extracellu- 
lar material in the lumina. Histochemically, this mucinous substance was 
quite distinct from the finely granular glycogen in some hepatomas of 
liver-cell origin (fig. 14). The glycogen could be readily removed by 
previous digestion with diastase. Morphologically, the mucin was also 
distinct from the spherical homogeneous hyaline globules of varying size 
that were sometimes seen in degenerating cells of hepatoma (fig. 7). 
Such hyaline degeneration globules, though they resisted diastase diges- 
tion, appeared as homogeneously translucent, light red or pinkish bodies 
(without any purple tinge) in PAS preparations, and were detectable in 
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hematoxylin and eosin sections as spherules varying from 1 to 12 microns 
in diameter, appearing strongly eosinophilic orange-red or occasionally 
gray. Furthermore, there was no extracellular mucinous material to be 
found associated with degenerating cells of hepatoma, as was frequently 
seen in the acinar or ductal structures of the adenocarcinomas (figs. 3, 6, 
12). The intracellular mucinous globules and extracellular mucus, 
although evident, were not well stained in hematoxylin-eosin preparations 
and stained a pale neutrophilic color. The neoplastic nature of some of 
these mucin-producing cells was apparent in areas of partially (figs. 5 and 
6) or poorly differentiated solid tumor growth, where sheets of obviously 
neoplastic cells contained isolated mucin-producing cells that formed an 
integral part of the tumor (fig. 8). Metastatic growths containing areas 
of adenocarcinoma showed similar mucin-containing cells as part of the 
tumor. 

Hepatic parenchyma and bile ducts of the normal rat possess no PAS- 
positive mucinous material in cells of the small intrahepatic bile ducts, 
although there are many goblet cells containing a mucinous substance in 
the mucosal glands of the extrahepatic bile ducts (fig. 1). In contrast, 
the cells of pathologic small intrahepatic bile ducts in the frequent areas 
of cholangiofibrosis of nontumorous portions of the liver of tumor-bearing 
rats are frequently filled with PAS-positive mucinous material (fig. 2). 
Goblet cells filled with mucin may be seen in such nontumorous sclerosed 
ducts. Mucicarmine stains both on tumors and on areas of cholangio- 
fibrosis reveal the presence of typical red-colored mucinous material, 
both in the lumen of the ductal structures and in the goblet cells, but 
the degree of reaction appears slightly less intense when compared to 
mucin in goblet cells of the intestine. 

A study by Gomori’s technique revealed abundant alkaline phos- 
phatase activity in the stroma of adenocarcinomas. In this respect, the 
adenocarcinomatous tissue resembles proliferating bile ducts in cirrhotic 
and nontumorous areas of liver. The stroma of heptomas, on the other 
hand, shows negative or only weakly positive reactions to the Gomori 
alkaline phosphatase technique, but there is generally little or no stroma 
present in hepatomas. 

Cartilage and bone were noted previously in hepatic tumors by Edwards 
and White (1). In the stroma of two of the adenocarcinomas in the pres- 
ent study, there were islands of cartilage but no bone was found. The 
cartilage was associated with a very cellular stroma, and in one instance 
the stroma appeared to be sarcomatous. 

In three of the adenocarcinomas there were areas of squamous-cell trans- 
formation with distinct intercellular bridges and areas of parakeratosis 
and pearl formation (fig. 13). This would seem to indicate the develop- 
ment of adenoacanthoma, such as is known to develop from the gall bladder 
or the bile ducts in man. Neither squamous metaplasia nor adenoacan- 
thoma has ever been shown to develop from hepatic parenchymal cells. 
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THE RELATION OF CARCINOGEN TO THE INDUCTION TIME AND Type oF HEpatTic 
Tumor INDUCED 


Many of the livers contained multiple tumors, and some livers con- 
tained more than one type of tumor. No careful search was made of the 
liver of every tumor-bearing animal to obtain microscopic sections of all 
suspicious nodules. Multiple sections were made of all the more promi- 
nent tumors but even these were not serially blocked, and therefore 
morphologically different areas may have been missed. With this definite 
limitation in mind, the types of tumors sectioned were classified and 
tabulated, and it was found that there was a difference in incidence of 
types according to the carcinogen employed. 

p-Dimethylaminoazobenzene (DAB) produced both hepatomas and 
adenocarcinomas, either separately or intermingled, in the same liver. Of 
the 57 animals with hepatic tumors produced by DAB, livers of 16 animals 
had one or more masses classified as pure hepatomas based on several 
sections of each, 20 had pure adenocarcinomas, and 38 had one or more 
masses composed of both cell types. In contrast, the 36 animals with 
tumors of the liver induced by feeding p-dimethylaminobenzene-1-azo-1- 
naphthalene (DAN) showed a different incidence of each type of tumor. 
Among 36 animals with hepatic tumors, livers of 5 animals contained 
tumor masses of mixed type, 26 contained pure hepatomas, and 5 con- 
tained pure adenocarcinomas. Also, 6 of the livers contained tumors 
classified only as undifferentiated carcinoma, in which PAS-positive mucin- 
ous material could not be found. In the animals fed DAN, the induction 
period was much longer than that of rats fed DAB, but no difference in 
the induction time for each cell type of tumor was noted within each 
group. 

DISCUSSION 


it is clear that at least two distinct cell types of tumor of the liver develop 
in the rat after feeding carcinogens such as p-dimethylaminoazobenzene 
and p-dimethylaminobenzene-1-azo-1-naphthalene. These are hepatoma 
and adenocarcinoma. This study has demonstrated the presence of 
characteristic mucinous material in the adenocarcinomas by the histo- 
chemical reaction in the periodic acid-Schiff procedure and by mucicarmine 
stains. Similar mucinous material was found in areas of cholangiofibrosis, 
but not in normal intrahepatic bile ducts. No similar material was 
found in either normal or pathologic hepatic cells. 

Kinosita (11) in 1937 described myxomatous changes in cholangiomas 
which he regarded as a degenerative phenomenon. Orr (9) noted similar 
changes in bile-duct carcinomas which he described as sometimes resem- 
bling ‘“‘mucoid carcinoma,’’ but he too failed to note the frequent presence 
of mucin-producing cells in these tumors. On the other hand, Kinosita 
did describe areas of cylindrical epithelium in hepatomas which he con- 
sidered cholangiomatous. Some of this cylindrical epithelium was ar- 
ranged in a papillary pattern and contained ‘‘mucous vacuoles in the 
protoplasma, recalling the features similar to the papillary cylindrical 
carcinoma of the mucous membranes.” It is interesting to note that 
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Dalton and Edwards (5) recorded and illustrated areas similar to intes- 
tinal epithelium in the adenocarcinoma group. This would appear to 
correspond with the finding of mucin-secreting goblet-type cells, resem- 
bling those of the intestine, in similar tumors in the present study. White, 
Dalton, and Edwards (12) in describing the histopathology of “hepatoma 
31,’ a transplantable tumor of the liver induced in an Osborne-Mendel 
rat with p-dimethylaminoazobenzene, noted that the adenocarcinoma- 
tous areas were sometimes papillary and cystic, and some of the spaces 
formed by the neoplastic growth were filled with mucus. A recent paper 
by Richardson and Nachtnebel (13), describing tumors of the liver in rats 
fed 3’-methyl-4-dimethylaminoazobenzene, notes and illustrates mucin 
in a “bile-duct adenocarcinoma” similar to those in the tumors reported 
here. 

Opie (2) in 1944 noted ‘‘mucus-like” material in the ducts of cholangio- 
fibrotic areas. He made no mention of finding it in any of the tumors, 
although he may have implied its presence when he described transitions 
from cholangiofibrosis to cholangioma and scirrhous carcinoma. In the 
present study the PAS stain revealed areas of cholangiofibrosis which were 
apparently surrounded by adenocarcinoma. Such cholangiofibrotic lesions 
were rarely found overgrown by hepatomas. It would be difficult to 
determine whether these represent the primary focus of origin of the 
adenocarcinoma, or whether they are merely non-neoplastic inclusions 
within the tumor growth. Demonstration of transitional stages between 
cholangiofibrotic tissue and adenocarcinoma always involves subjective 
impressions, while the identification of the mucin-like material in cells of 
the tumor is clearly objective and provides strong evidence for a possible 
common origin of these two associated lesions. 

Aside from the areas of cholangiofibrosis, there were other areas of bile- 
duct proliferation. In some instances they were more cystic (fig. 11) and 
in others they formed adenoma-like nodules (figs. 4 and 9). Whether 
these lesions represent early neoplastic growths or merely benign hyper- 
plasia is a question needing further study. Certainly some of the adeno- 
carcinomas contained neoplastic papillary cystic areas, but their relation- 
ship to the early non-neoplastic changes common in the same liver is 
not clear. 

The alkaline phosphatase reaction has revealed an abundance of alkaline 
phosphatase in the stroma of the adenocarcinomatous tumors, resembling 
the alkaline phosphatase in areas of proliferating bile ducts. Hepatomas 
of liver-cell type possess very little stroma, and that tends to be negative 
or only weakly positive for alkaline phosphatase. 

Adenocarcinomas, in contrast to hepatomas, in rats may show areas 
of squamous-cell transformation. This is characteristic of adenoacan- 
thomas, which in man are known to arise from bile-duct epithelium or 
from the gall bladder. Squamous-cell metaplasia or neoplasia of hepatic 
cells has never been known to occur. 

The evidence presented here would seem to show a close resemblance 
of adenocarcinomas to bile-duct epithelium both morphologically and 








26 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


histochemically. This would suggest the likelihood of the adenocarcinoma 
group arising from bile-duct epithelium and therefore warranting the name 
cholangioma. It is not meant to rule out the possibility that hepatomas 
of the liver-cell type and the adenocarcinoma (cholangioma) may both 
arise from a single more primitive cell type capable of differentiation in 
either or both directions. 

Normal intrahepatic bile-duct cells possess little or no mucinous mate- 
rial, yet it is clear that they can produce mucin, as evidenced by the 
abundance of mucin in intrahepatic bile ducts under pathologic conditions, 
such as in areas of cholangiofibrosis. This alteration in the bile ducts is 
not without precedent in pathology. It would seem somewhat analogous 
to what occurs in the urinary bladder of man in pathologic states such 
as exstrophy or cystitis cystica (14, 15). In these cases one may get muci- 
fication of the transitional epithelium. The presence of mucin-producing 
cells in the major extrahepatic bile ducts would seem to indicate a potential 
capacity of bile-duct epithelium to produce mucin. No such potentiality 
has ever been demonstrated for hepatic cells. 

p-Dimethylaminoazobenzene and _  p-dimethylaminobenzene-1-azo-1- 
naphthalene under the conditions of this experiment showed a marked 
difference in the time required to induce tumors of liver. The nature of the 
carcinogen would seem important in determining the incidence and per- 
centage of morphologic types of hepatic tumors obtained, but the extent 
of histologic analysis was inadequate to settle this point. 

The finding of two distinct cell types of hepatic tumors with frequent 
intermixtures points out the need for careful separation of these types for 
chemical studies, and greatly limits the value of previous studies which 
have been made on these tumors without relation to the cell types involved. 
Recently Morris (16) in this Institute succeeded in separating a previously 
mixed cholangiohepatoma into its component parts by serial transplanta- 
tion. This tumor was induced by feeding diacetylaminofluorene to a 
spayed female AXC rat given testosterone. It grew as a cholangio- 
hepatoma on the first generation transplant in 3 out of 5 animals, and on 
the second generation 1 animal developed a hepatoma of liver-cell type 
and 2 animals developed cholangiocarcinoma. 


SUMMARY AND CONCLUSIONS 


The morphologic and histochemical characteristics of tumors induced 
in the livers of 57 rats by feeding p-dimethylaminoazobenzene (DAB), 
and hepatic tumors induced in 36 rats by feeding p-dimethylaminoben- 
zene-1-azo-1-naphthalene (DAN) are described, compared, and discussed. 

The tumors were classified into 3 morphologic groups: hepatoma, 
adenocarcinoma, and a mixture of both these two types. In addition 6 
tumors in animals fed DAN were undifferentiated. 

Under the conditions of this experiment, the rate of development of the 
tumors of the liver and the percentage of livers bearing tumors of each 
morphologic type differed depending on the carcinogen employed. No 
difference was noted in the induction time for the different cell types of 
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tumor induced by the same carcinogen, although the induction time for all 
types of tumor was much longer for DAN-induced tumors than for 
those induced by DAB. 

This study confirmed previous findings that the adenocarcinoma differs 
from the hepatoma of liver-cell type, and provided additional histochemi- 
cal evidence that the adenocarcinoma frequently contains mucus-secreting 
cells and occasionally areas of adenoacanthoma. 

It is tentatively concluded that these expressed potentialities of the 
cells comprising the adenocarcinoma favor the idea that it arises from bile 
ducts, and the term cholangioma seems applicable to this group of tumors.* 
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ADDENDUM 


Sections of four primary tumors of the liver were selected from the 
autopsy files of human cases at the University of Kansas Medical Center 
for comparison with the experimental tumors obtained in rats. Two of 
the cases were classified as hepatomas of liver-cell type, the other two as 
cholangiomas. The morphologic characteristics in both types of tumor 
were similar to those of the corresponding tumors in rats. More striking, 
however, was the presence of areas containing numerous scattered PAS- 
positive mucin-containing cells in the two cholangiomas which could not 
be distinguished from such areas and cells in cholangiomas in the rat. PAS 
stains on the two hepatomas of liver-cell type failed to reveal PAS-positive 
material. The presence of PAS-positive mucin in some of the larger intra- 
hepatic bile ducts of normal human liver can frequently be demonstrated 
but no mucinous material has been seen in liver parenchymal cells of human 
beings. It would seem from this small and admittedly inadequate sample 
that there is at least some morphologic and histochemical analogy between 
primary {tumors induced in the liver of the rat and those that occur 
spontaneously in man. 


PLATE 2 


Fiaure 1.— Major extrahepatic bile duct of normal rat with mucin-containing cells in 
mucosal glands. Periodic acid-Schiff. X 210 


Figure 2.—Cholangiofibrosis, showing mucin-filled sclerotic bile ducts and individual 
mucin-containing cells. Periodic acid-Schiff. X 270 


Ficure 3.—Cholangioma (adenocarcinoma), papillary area showing abundant intra- 
and extracellular mucus. Periodic acid-Schiff. x 270 


Ficure 4.—Adenomatous area of bile ducts in the liver. Note individual cells dis- 
tended with mucin, distorting nuclei and giving the appearance of signet-ring cells. 
Periodic acid-Schiff. X 260 


Ficure 5.—Cholangioma (adenocarcinoma), showing some glandular or ductal differ- 
entiation with typical mucin-filled cells. Periodic acid-Schiff. x 290 


Ficure 6.—Cholangioma (adenocarcinoma), moderately differentiated and with scat- 
tered individual mucin-filled cells and acini. Periodic acid-Schiff. > 135 


Ficure 7.—Cholangiohepatoma, largely papillary cholangioma in upper right, with 
mucin formation. Hepatoma of liver-cell type in lower left, with numerous inclus- 
sions of spherical, PAS-positive, lighter red, homogeneous bodies of varying size and 
staining density. Periodic acid-Schiff. Xx 130 


Ficure 8.—Cholangioma (adenocarcinoma), poorly differentiated with few isolated 
i mucin-containing cells. Periodic acid-Schiff. X< 180: 
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PLaTe 3 


Figure 9.—Adenoma-like formation of bile ducts. Hematoxylin and eosin. « . 
Ficgtre 10.—Cholangioma (adenocarcinoma ), papillary area showing scattered mucin- 
filled cells. VPeriodic acid-Schiff. « 90 
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PLATE 4 | 
Figure 11.—Multiple cystie bile ducts without notable morphologic atypicality or 
evidence of neoplasia. Hematoxylin and eosin. x 5d 
Figure 12.—Cholangioma (adenocarcinoma), showing abundant mucus in acinar and 
ductal structures. Hematoxylin and eosin. XX 60 
Figure 13.—Squamous-cell area in adenoacanthoma, apparently of intrahepatic bile- 
duct origin. Most of the tumor appeared as a cholangioma. Hematoxylin and 
eosin, 210 
FiGtreE 14.—Glycogen in a hepatoma of liver-cell type. Periodic acid-Schiff. 90 j 
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Liver Tumors Induced in Rats by 
p-Dimethylaminobenzene-1-Azo-l- 
Naphthalene Compared With Tumors 
Induced by p-Dimethylaminoazoben- 
zene ' 


Ampapbas 8. Mutay and Haran I. Firmincer,? Labora- 
tory of Pathology, National Cancer Institute,? Bethesda, Md. 


Hepatomas were first experimentally induced in 1932 by Yoshida (1) 
in rats, following the oral administration or subcutaneous injection of 
o-aminoazotoluene suspended in olive oil. In 1937, Kinosita (2) reported 
the production of hepatomas in rats fed p-dimethylaminoazobenzene (but- 
ter yellow). Many attempts have been made to determine the carcino- 
genicity of similar azo compounds in order to secure a better under- 
standing of the mode of action of this class of compounds (3-5). 
Kinosita (6) described the changes induced in the livers of rats by feeding 
various dyes. He found that p-dimethylaminobenzene-1-azo-1-naphtha- 
lene (DAN) produced bile-duct proliferation with considerable fibrosis. 
It was the opinion of Maruya, who examined the lesions obtained by 
Kinosita, that such bile-duct proliferation would “never advance to malig- 
nant tissue” (6). No details as to number of animals used, dosage, or 
duration of the experiment were given. Miller (7) fed this azo dye to ten 
rats and failed to find any tumors at the end of ten months. The present 
paper @) reports the induction of tumors by p-dimethylaminobenzene-1- 
azo-1-naphthalene (DAN); 6) compares the time required to produce the 
tumors with this carcinogen, with the time required for induction of 
tumors by p-dimethylaminoazobenzene (DAB); and c) compares the 
morphology of the tumors induced by these two agents. 


METHODS AND MATERIALS 


Two hundred and five male Osborne-Mendel rats, about 3 months old 
and weighing 120 to 200 grams, were divided into three groups. All the 
rats were fed a basic semisynthetic diet similar to that used by Miller (8). 
This diet consisted of cerulose sugar 78%, vitamin-low casein 12%, salt 
mixture 4% (table 1), vitamin mixture 1% (table 2), and corn oil 5%. 


1 Received for publication March 11, 1952. 


2 Present address: Department of Pathology and Oncology, University of Kansas Medical Center, Kansas City 
12, Kans. 


3 National Institutes of Health, Public Health Service, Federal Security Agency. 
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A sufficient quantity of p-dimethylaminoazobenzene (DAB) or p-dimethyl- 
aminobenzene-1l-azo-l-naphthalene (DAN) was incorporated with the 
corn-oil fraction to bring the final concentration of carcinogen in the diet 
to 0.075 percent for DAN, and to 0.06 percent for DAB. The composi- 
tion of the salt mixture used in this diet is given in table 1. The vitamins 
used to prepare the vitamin mixture, and their concentration, are shown 
in table 2. 


TABLE 1.—Percentage composition of salt mixture used in diet* 





Diietanei TROCGMOEE... 6 oe 5 ne ince ccnsscccenssc 21.18 
I NN oo ricnnns cntcunes ethane 28. 92 
ea ee eee eee eee 17. 78 
Monocalcium Phosphate.H,0---__-.-.-.-.---------- 12. 00 
Monosodium Phosphate.H20-----.-.-.------------ 7. 71 
Magnesium Sulfate (Anhydrous) --_-.-.-.-_-------- 5. 92 
GIN oo ae cnecemcinieememn enn 3. 84 
a eee eae ee Tey ee 2. 63 
po fe ee ee eee . 22 





*McCollum’s mixture number 185 (9) as modified by Morris (10). 
tMorris (11). 


TABLE 2.—Percentage composition of vitamin mixture* 





a hi si hs eas ip Sis tnt tl 99. 50 
Thiamine Hydrochloride-_.-...............---.-.-.- . 03 
NS iach ia Se a hh a ci icin iis pgaate bd . 02 
Rt Rss cccnknnnencedennemnenaca . 30 
Ce a icc wdieiincntnienaed . 07 
Pyridoxine Hydrochloride.-.-..................-.-- . 025 
re ne ee . 050 





*In addition, 1 drop halibut-liver oil per animal once a week. 
tBulk vehicle for subsequent ease in handling. 


The 80 animals of the first group were kept on a basic semisynthetic 
diet containing 0.075 percent p-dimethylaminobenzene-1-azo-1-naphtha- 
lene (DAN). Twenty of these animals were fed this carcinogenic diet for 
a period of 230 days, and the remaining 60 animals for a period of 280 
days. 

A second group of 85 animals received a diet containing 0.06 percent 
p-dimethylaminoazobenzene (DAB). Twenty of these rats were fed this 
carcinogenic diet for a period of 150 days, and the remaining 65 animals 
for a period of 280 days. 

The third group, consisting of 40 animals, received the basic semi- 
synthetic diet without carcinogen for a period of 280 days, and served as 
control rats. The animals of all three groups were returned to a diet of 
Purina laboratory chow pellets at the end of the period on experimental 
diet. 
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All animals were examined at regular intervals for the first signs of 
palpable tumor and the date noted when a tumor was first palpated. 
Approximately every two months, a few animals were killed for study. 
When sick animals, or those having large tumors, were available, they 
were selected to be killed. All clinical diagnoses of tumors were con- 
firmed by histologic diagnoses at post-mortem examination. With the 
exception of 8 experimental animals in the first group on DAN diet, and 
7 animals in the second group on DAB, all animals were autopsied. These 
15 animals showed autolysis to a degree that rendered their tissues un- 
satisfactory for histologic study, and they were excluded from the experi- 
ment. The last surviving animal that received the DAN diet was autop- 
sied at 24% months after the beginning of the experiment, and the last 
survivor given the DAB diet autopsied at 21 months. 

Tumors of the liver of rats fed either of the carcinogens (DAN or DAB) 
were almost always multiple. Upon histologic examination it was often 
found that the same liver possessed more than one type of tumor. In 
many cases a single tumor was composed of more than one cell type of 
tumor tissue (fig. 5). Multiple sections were examined from all con- 
spicuous tumors, including at least one large block of tumor from every 
liver. Usually several blocks were sectioned from different areas of the 
same tumor and from different tumors in the same liver. No attempt 
was made to find and section every tumor in every liver, nor were serial 
sections or serial block sections taken from any one tumor. 

Tissues were fixed in 10 percent formalin, Zenker-acetic or Zenker- 
formol fluids. Microscopic sections were stained routinely with hematoxylin 
and eosin. In most instances the periodic acid-Schiff technique was also 
used, both with and without previous exposure of sections to diastase. 
Some sections were prepared by Wilder’s silver method for reticulum. 
A few blocks from tumor-bearing livers were prepared by impregnation 
with silver according to DaFano’s method. 

The tumors were classified, on the basis of their histologic appearance, 
into three major cell types: hepatoma (fig. 2); adenocarcinoma (cholan- 
gioma) (fig. 3); or a mixture of these two types of tumor (cholangiohepa- 
toma) (fig. 5). A few of the adenocarcinomas (cholangiomas) contained 
areas of squamous-cell transformation and therefore may be termed 
adenoacanthomas. A few of the rats fed DAN developed undifferenti- 
ated, anaplastic small-cell carcinomas of the liver. 


RESULTS 


Hepatic Tumors or Rats Fep DAN (p-DIMETHYLAMINOBENZENE-1-Az0-1-NAPH- 
THALENE) 


Of the 80 animals receiving DAN in the diet, the earliest tumor of the 
liver was palpated on the 335th day following the beginning of the admin- 
istration of carcinogen. A total of only 43 animals given DAN in the 
diet survived for 335 days or longer. These animals were autopsied at 
varying times from 11 to 24% months after beginning administration of 
DAN. Thirty-six of these 43 animals had tumors of the liver at autopsy. 
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Two of these 36 rats had clinically palpable tumors between the 11th and 
13th months; 15 between the 13th and 16th months; 11 between the 16th 
and 19th months; 6 between the 19th and 22nd months; and 2 between 
the 22nd and 25th months. This is shown graphically in text-figure 1. 
The largest liver tumor in any animal of this series measured 7 X 4 X 
3 cm. and weighed 55 gm. (about 15 percent of the body weight of the 
host). Five other tumors were large enough to account for 8 to 10 per- 
cent of the body weight of their individual hosts. Of the 36 rats having 
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TEXT-FIGURE 1.—Time of discovery of liver tumors in Osborne-Mendel rats fed 
p-dimethylaminoazobenzene (DAB) and p-dimethylaminobenzene-1-azo-1-naph- 
thalene (DAN). 


tumors of the liver, 32 had large tumors that were easily visible by gross 
examination (fig. 1). The other 4 tumors were discovered only after 
microscopic examination. After elimination of the 8 rats rejected because 
of advanced autolysis of their tissues, the incidence of hepatic tumors in 
the remaining 72 rats was 50 percent. Defining the “tumor induction 
period” as the interval of time between the beginning of treatment with 
the carcinogen and the appearance of the first palpable tumor, the tumor 
induction period for this carcinogen (DAN) in this group of rats was 335 
days, or about 11 months. The incidence of tumors was 84 percent if 
recalculated on the basis of animals surviving this induction period. The 
20 animals kept on the DAN diet for only 230 days snowed no noticeable 
difference, either in tumor induction period or in incidence of tumors, 
from those that were fed this carcinogen for 280 days. 
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NorTraBLE PatTHoLocic CHANGES IN OTHER ORGANS AND TISSUES 


a) The spleen generally showed a definite, often marked, increase in 
the number of pigmented macrophages, as well as reticuloendothelial 
hyperplasia. 

b) Seventy percent of the animals fed DAN also showed lesions of the 
forestomach mucosa. These lesions consisted of a variety of changes 
varying from dyskeratotic and hyperplastic plaques to squamous-cell 
carcinoma. 

c) In 3 animals surviving 550 days or more, after beginning adminis- 
tration of DAN, squamous-cell carcinoma involved the entire thickness 
of the stomach wall and formed a tumor mass on the peritoneal surface. 
The forestomach of the control animals showed no similar changes, and 
lacked even the acanthosis and hyperkeratosis seen in the experimental 
animals at an earlier stage of treatment with DAN. 

d) Of the 80 male rats fed DAN, 8 developed fibrous tumors involving 
the dermis and subcutaneous tissue. All tumors were on the ventro- 
lateral surface of the trunk near the mammary glands, and probably 
represented tumors of the breast. Upon microscopic examination, 6 of 
these tumors proved to be fibromas without evidence of glandular or 
ductal tissue. They were composed chiefly of interlacing bundles of 
collagen fibers and fairly sparse nuclei. However, 2 of these tumors were 
somewhat more cellular, having nuclei of various sizes and shapes, and 
poorly defined peripheral limits of growth. In addition to fibromas, 
there was one adenofibroma of the breast and one fibrosarcoma. Both 
the lesions of the forestomach and the superficial fibrous tumors are 
described more fully and illustrated in a separate paper (12). 

e) In a single instance there was also an adenocarcinoma of the small 
intestine in a rat autopsied 600 days after the start of the DAN diet. 


Liver Tumors oF Rats FeEp DAB (p-DIMETHYLAMINOAZOBENZENB) 


Omitting from the experiment the 7 rats with advanced autolysis (all 
in the induction period), 57 of the 78 remaining rats receiving DAB in 
their diet developed tumors of the liver. The first tumor was found 170 
days after beginning administration of carcinogen. Of the 20 animals 
kept on the diet containing DAB for 150 days, 14 survived the tumor 
induction period of 170 days. Eight (or 57 percent) of these survivors 
had liver tumors. Some of these tumors took as long as 14 months 
(420 days) to appear. Of the 65 animals that were fed this carcinogen 
for 280 days, 53 survived the “tumor induction period” (as defined herein), 
and of these, 46 (or 87 percent) bore liver tumors. The over-all percentage 
of liver tumors in animals surviving the induction period was 85 percent. 
Twenty percent of all tumors of the liver were palpable at 6 to 7 months 
after the beginning of the carcinogenic diet; 45 percent at 7 to 9 months; 
20 percent at 9 to 11 months; 10 percent at 11 to 13 months; and 5 percent 
at 13 to 16 months (text-fig. 1). 
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ContTRoL Rats 


No lesions of the liver were found in the 40 control animals fed the 
semisynthetic diet, without carcinogen. 


EXTENSION, IMPLANTATION, AND METASTASES OF Hepatic Tumors 


Pulmonary metastases of hepatoma (figs. 7 and 8) were equally common 
in animals treated with either carcinogen. However, peritoneal implants 
were observed in 40 percent of the tumor-bearing rats fed DAB, whereas 
very few such implants were seen in the tumor-bearing animals fed DAN. 
Few liver tumors extended into the walls of the abdomen or stomach; 
some metastases were found in the lungs and mesenteric lymph nodes, 
and implants were found on the peritoneum. The latter were largely of 
the liver-cell or undifferentiated type. 


GROSS PATHOLOGY OF LIVER 


The pathologic characteristics of the livers of rats fed p-dimethylamino- 
benzene-1l-azo-l-naphthalene (DAN) and p-dimethylaminoazobenzene 
(DAB) were quite similar. Cirrhosis was present in most of the rats fed 
either of the carcinogens, and cysts were frequent. In both groups of 
animals, tumors were almost invariably multiple. In some cases every 
lobe of the liver was involved by tumor. 


Rats Fep p-DIMETHYLAMINOBENZENE-1-AZ0-1-NAPHTHALENE (DAN) 


Since the pathologic changes resulting from DAB administration have 
already been well described in the literature (13, 14), emphasis will be 
placed here on the changes following administration of DAN. The 
earliest tumors were seen grossly as discrete gray pinpoints of tissue in 
the red parenchyma of the liver. As time went on during the course of 
administration of carcinogen, these pinpoint areas were found to be more 
numerous and larger in livers examined at longer intervals, until at later 
stages most of the liver consisted of large gray areas of nodular tumor 
tissue. The gross appearance of one such liver at a late stage of tumor 
development is illustrated in figure 1. In this case, there were many 
large tumor nodules in several lobes of the liver. The cut surface of these 
hepatic tumors varied in color from pearly gray to flesh color, or from 
deep yellow to canary yellow. Individual tumors, as a rule, displayed 
a mosaic of these different colors on cut section. A few of the tumors 
contained areas of hemorrhage with some cyst formation, while others 
had but little hemorrhage. In addition, diffuse nodular cirrhosis of the 
liver was found in most of the rats after 100 days on either of the carcino- 
genic diets (DAN or DAB). In many of the animals on p-dimethylami- 
noazobenzene (DAB) and in most of the animals receiving p-dimethylamino- 
benzene-1-azo-1-naphthalene (DAN), the liver showed grossly visible 
thin-walled cysts filled with nonviscid clear pale yellow or light green 
fluid (figs. 6 and 11). In those animals receiving DAN, the cysts tended 
to be larger and more numerous than those of the rats fed DAB. These 
cysts ranged from clear, pinpoint areas to large multilocular cysts, one to 
two centimeters in diameter, that frequently extended through the entire 
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thickness of the involved lobe of the liver, or often involved the margin 
of a lobe. Of the 72 rats on DAN, these large cysts were found in 38 
cases. In a few rats, two or more such cysts were observed in each lobe 
of the liver. 


HISTOPATHOLOGY OF LIVER IN RATS FED p-DIMETHYLAMINOBEN- 
ZENE-1-AZO-1-NAPHTHALENE (DAN) 

The histopathogenesis of tumors in the liver induced by p-dimethylami- 
noazobenzene (DAB) has been previously described by Edwards and White 
(13, 15) and by Opie (14). A study of the histopathology of the liver in 
rats fed p-dimethylaminobenzene-1l-azo-l-naphthalene (DAN) reveals 
similar pathologic changes. The tumors which develop following the 
feeding of DAN can be classified in the same morphologic groups except 
for a small number of undifferentiated carcinomas. 

The earliest histologic changes were found about 70 days after beginning 
administration of the carcinogen-containing diet. There was a progres- 
sive increase in the number of small bile ducts and their branches in the 
portal areas. Often these newly formed structures appeared in section 
as two parallel strands of small cells with deeply basophilic ovoid nuclei 
and basophilic cytoplasm but without any apparent lumen (fig. 10). 
Their connection with larger bile ducts could be seen often enough to 
establish their identity and distinguish them from proliferating capillaries. 
The nuclei of these cells were smaller, oval, and more hyperchromatic than 
those of regenerating liver, and the cytoplasm was relatively scanty and 
more basophilic. These proliferating poorly developed bile ducts some- 
times extended for a short distance into the periphery of the adjacent liver 
lobules. The capillaries in the portal areas became more evident due to 
dilatation and apparent increase in number. There was slight fibrosis 
(figs. 9 and 10) with abundant reticulum, as revealed by silver impregna- 
tion techniques. At later stages of feeding the carcinogen (after about 
100 days), lobules of liver cells were seen isolated in a tissue matrix com- 
posed of numerous small bile ducts and fibrous tissue, and the hobnail 
nodular phase of cirrhosis finally appeared in most instances about 150 
days after beginning administration of DAN (fig. 12). Well demarcated 
focal areas of sclerosis of the bile ducts (cholangiofibrosis) could also be 
seen (fig. 4), entirely similar to those occurring in the liver of rats fed 
p-dimethylaminoazobenzene as described by Opie (14). In other areas 
of the same liver, there were often dilated ducts and cysts lined by flat- 
tened bile duct epithelium (figs. 6 and 11). These could be seen in dif- 
ferent stages of development, varying from slight cholangiectasia in the 
well preserved portal areas, to large multilocular cysts with a few trapped 
hepatic cells and a small amount of fibrous tissue forming the framework 
for the cysts. Also, in the portal areas yellowish-brown ceroid pigment 
accumulated in macrophages. 

At the outset of the cirrhotic process it was patchy in distribution but 
subsequently cirrhosis became diffuse and generalized throughout all 
lobes of the liver. Many adjacent lobules differed from one another in 
their histologic appearance (fig. 11). The cytoplasm in the cells of some 
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lobules was swollen, pale and vacuolated; in other lobules, it was homo- 
geneously finely granular and deeply eosinophilic. The nuclei also varied 
somewhat in size and stainability from one lobule to another. Binucleate 
cells were more numerous in some lobules than in others. 

Despite the variability from one lobule to another, a single lobule was 
generally composed of cells of uniform appearance except at the periphery, 
where regenerating liver cells were sometimes evident (figs. 9 and 15). 
These cells usually possessed abundant cytoplasm containing numerous 
clumps of basophilic material which tended to obscure the eosinophilic 
background. Their nuclei were fairly large and hyperchromatic. Such 
foci of regeneration could thus be easily distinguished. After 200 days 
on the DAN-containing diet, the areas of regeneration were larger (fig. 14) 
and usually took the form of nodules (figs 16 and 17). These nodules 
were rather well defined from the surrounding hepatic tissue and at times 
even showed evidence of compressing surrounding structures. About 250 
days after beginning administration of DAN the nodules were larger, and 
frequently the normal orderly arrangement of hepatic cells in straight 
cords was lost (figs. 16, 17, 18). Further, cellular atypicality was present 
in some but not all of these nodules, in the variability of size, shape, and 
staining intensity of the cells. Along with these changes, there was some- 
times loss of cohesiveness between adjacent cells and loss of supporting 
stroma, with foci of necrosis of one or a few cells. When these atypical 
changes of architecture and cytologic characteristics were as well developed 
as those in the larger well developed tumors, these lesions were diagnosed 
as hepatoma of the liver-cell type. In a few cases, the proliferation of 
the bile ducts became fairly marked in local areas, suggesting early 
neoplasia (fig. 13). DaFano fixation with silver impregnation revealed 
a notable decrease in Kupffer cells in the hepatomas compared to the 
uninvolved relatively normal adjacent liver. 

Most of the tumors developing in the DAN-fed animals were hepatomas 
of the liver-cell type (fig. 2). A small number (six) presented a pattern 
different from that of the liver-cell hepatoma in all of the several slides 
from each of the tumors. The cells were arranged in an acinar, ductal, 
or, in some areas, in a papillary pattern with the small hyperchromatic 
nuclei located regularly at the base of the cell away from the lumen. The 
cytoplasm of these cells was less eosinophilic than in most of the hepatomas 
of the liver-cell type, and sometimes it was even basophilic. Periodic 
acid-Schiff stains often revealed the presence of dark red-staining mucus 
in cells of the tumor and in the lumen of some of the acinar structures. 
These tumors were classified as cholangiomas [adenocarcinoma of Edwards 
and White (13)] (fig. 3). Further description of the morphologic and 
histochemical distinctions between these two cell types of tumor are 
given in a separate publication (16). 

A mixture of both hepatomatous and cholangiomatous patterns com- 
prised 5 tumors (fig. 5), and 6 tumors were found which were undifferen- 
tiated. 
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COMPARISON OF NUMBER AND PERCENTAGE OF TYPES OF 
LIVER TUMORS IN RATS ON DAN WITH THOSE ON DAB 

Tabulation of the number of cases and percentages of the different types 
of liver lesions found among rats fed DAN and those fed DAB, based on 
examination of several slides from each tumor, is shown in table 3. In 
DAN-fed animals, 26 (or 72 percent) of the livers of tumor-bearing animals 
possessed hepatomas; 6 (or 17 percent), cholangiomas; 5 (or 15 percent), 
cholangiohepatoma mixture; and 6 (or 17 percent), undifferentiated 
carcinomas. 


TABLE 3.—Number of cases, and percentage, of types of tumors in rats showing liver lesions 
produced by feeding DAB or DAN 














DAN: DAB 
Lesion 
Number Percent Number Percent 
Hepatoma- --- . Paes Fee 26 72 16 28 
Cholangioma_ - ae a 6 17 20 | 35 
Cholangiohepatoma : a= 5 | 15 38 67 
Undifferentiated _ _ _ - ee 6 ) 2 SS eee en 
Metastases to lungs_-_-_- 24 42 14 39 
Peritoneal implants..-----..-------- 5 11 13 37 
Liver cysts-_.-.-- wih ciprck pial hese opera ene 30 53 9 25 
Total tumors studied___________-_-- . Sf re ” 2 ARR 
Total tumor-bearing animals _ - > 36 *84 57 *85 





*Indicates percent of tumors in animals surviving tumor induction period. 


The mixed type of tumor (cholangiohepatoma) was the predominant 
form found in rats fed DAB, being present in 38 (or 67 percent) of the 
tumor-bearing animals. Cholangioma was found in 20 (or 35 percent), 
and hepatoma in only 16 (or 28 percent) of the animals on DAB. None 
of the tumors induced by DAB were purely undifferentiated carcinomas. 

Most of the cholangiomas were found in animals bearing cholangio- 
hepatomas, and there were very few in animals with hepatomas. A few 
hepatomas were found in rats with cholangiomas or cholangiohepatomas. 
No other type of liver tumor was found in animals with undifferentiated 
liver tumors. 

DISCUSSION 


The present experiment shows that p-dimethylaminobenzene-1-azo-1- 
naphthalene (DAN) can produce tumors of the liver, and of other tissues, 
in Osborne-Mendel rats after long-term feeding of the dye. The first 
tumor of the liver was palpated 335 days following the initiation of admin- 
istration of carcinogen-containing diet, and 55 days after discontinuance 
of the carcinogen in the diet. Kinosita (6) in 1940 and Miller (7) in 1945 
failed to produce tumors in rats with this dye. This was probably due to 
the brief duration of their experiments. 

The substitution of a naphthalene group for one benzene ring in p- 
dimethylaminoazobenzene results in a compound (DAN) which has a 
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slower manifest carcinogenicity than p-dimethylaminoazobenzene for the 
liver. Both carcinogens produce strikingly similar pathologic changes in 
the liver, and the incidence of tumors of this organ in animals surviving 
the induction period is essentially identical under the conditions of this 
experiment. 

The morphologic types of tumor induced with either of the carcinogens 
are similar, but there is some indication that the incidence of each of the 
cell types may differ. A study of several sections of tumors of the liver 
in 36 animals on DAN and 57 animals on DAB showed considerable 
difference in the percentage of each cell type of tumor obtained (table 3). 
The chief difference consisted of the frequency with which cholangio- 
matous areas could be found in tumors induced with each carcinogen. 
In the DAB-fed group, no cholangiomatous areas were found in 28 percent 
of the tumors of the liver representing 18 percent of the tumor-bearing 
animals) ; similar study of rats fed DAN revealed 72 percent of the tumors 
(in 87 percent of the tumor-bearing animals) without cholangiomatous 
areas. Since these differences are based only on several sections of each 
tumor and not on serial block or complete serial sections, and not every 
tumor occurring in the liver of each animal was sought out and sectioned, 
no definite conclusion can be reached as to true incidence of differences 
in morphologic types of hepatic tumors induced with these two dyes. 

Further evidence suggesting a difference in the specificity of the carcino- 
genic potency between these two compounds is provided by: a) the de- 
velopment of lesions of the forestomach in rats, resembling precancerous 
lesions of the forestomach in mice (17, 18) ; 6) the finding of three squamous- 
cell carcinomas of the forestomach; and c) the occurrence of fibrous tumors 
in the dermis and subcutaneous tissues only in rats fed DAN, with no 
comparable lesions either in rats given DAB or in the 40 control animals. 

The reason for the differences in speed of action, potency, and specificity 
of these two azo dyes is not apparent, but might be explained by differ- 
ences in metabolism of these two compounds. This would seem worth 
investigating. 

SUMMARY 

p-Dimethylaminobenzene-1-azo-1-naphthalene (DAN) produced liver 
tumors in 36 rats, or 84 percent of the animals that survived the induc- 
tion period of 11 months. p-Dimethylaminoazobenzene (DAB) produced 
liver tumors in 57 rats, or 85 percent of the animals that survived the 
induction period of 5% months. Most of the DAB-induced tumors (90 
percent) appeared in the 5 months following the induction period, or 
before the first DAN-induced tumor was palpated. Most of the DAN- 
induced tumors (74 percent) appeared between the 13th and 19th months 
after the start of administration of the carcinogen. 

The pathologic changes developing in the livers of rats fed p-dimethy!- 
aminobenzene-1l-azo-l-naphthalene (DAN) are described and compared 
to those occurring in rats fed p-dimethylaminoazobenzene (DAB). 
Almost all of the animals in both groups developed cirrhosis. DAN-fed 
animals had a somewhat greater incidence of cystic lesions of the liver. 











INDUCTION OF LIVER TUMORS IN RATS 45 


Both carcinogins (DAN and DAB) produced hepatomas, cholangiomas, 
and cholangiohepatomas. A study based on several sections of tumors 
from 36 rats on DAN and 57 rats on DAB revealed a preponderence 
(72 percent) of hepatomas in rats fed DAN, while DAB produced chiefly 
(67 percent) cholangiohepatomas. Only 6 out of 36 tumor-bearing 
animals in the DAN-fed group showed cholangiomas or cholangiomatous 
areas in otherwise hepatomatous tumors, compared to 47 out of 57 in the 
DAB-fed group. Undifferentiated carcinomas of the liver were found 
only in animals fed DAN. 

DAN-feeding also produced: a) an interesting forestomach lesion which 
resembles precarcinomatous lesions in mice, and progresses to squamous- 
cell carcinoma; and 6) fibrous tumors involving the dermis and subcuta- 
neous tissue in 10 percent of the male animals. 
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PLATE 5 


Figure 1.—Multiple tumor masses in all lobes of the greatly enlarged liver of a rat 
450 days after beginning administration of diet containing DAN. X 2 


Figure 2.—Hepatoma of liver-cell type in rat fed DAN diet, showing pseudoacinar 
structures. Hematoxylinandeosin. 100 


Figure 3.—Cholangioma (adenocarcinoma) of rat fed DAN diet. Note the basal 
position of small dark nuclei. Hematoxylin and eosin. X 145 
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PLATE 6 


Figure 4.—Cholangiofibrosis in liver of rat fed DAB for 359 days. Regenerating 
bile duets have relatively deeply basophilic cytoplasm and crowded nuclei. Seat- 
tered polymorphonuclear leukocytes are evident. Hematoxylin and eosin. X 100 


Figure 5.—Cholangiohepatoma, showing typical solid hepatoma of liver-cell type on 
the right, and papillary adenocarcinoma of bile-duct type (cholangioma) on the left. 
Hematoxylin and eosin. X 150 


Figure 6.—Multiple multilocular cysts in rat liver 642 days after start of diet con- 
taining DAN. Hematoxylin and eosin. 10 
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PLATE 7 


Figure 7.— Metastatic hepatoma (liver-cell type) in lung of rat 596 days after begin- 
ning of diet containing DAN. Hematoxylin and eosin. % 100 


Figure 8.— Metastatic cholangiohepatoma in lung of rat 456 days after beginning 
of diet containing DAN. Hematoxylin and eosin. 100 


Figure 9.—Central fatty change and degeneration, with peripheral regeneration, and 
portal fibrosis in rat liver 234 days after beginning of diet containing DAN. Hema- 
toxyvlin and eosin. 145 


Figure 10.—Proliferation of small bile duets extending from portal area (above) into 
peripheral portion of lobule of liver, between the liver cords, toward the central 
vein (below). Rat liver 89 days after beginning of diet containing DAN. Hem- 
atoxylin and eosin 250 
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PLATE 8 


Figure 11.—Portal cirrhosis with variable appearance of hepatic cells in adjacent 
lobules. Bile ducts in one area are dilated and cystic, and in another are surrounded 
by a fibrous mesh typical of cholangiofibrosis. Rat liver 351 days after beginning 
of diet containing DAN. Hematoxylin and eosin. 100 


Figure 12.—Portal cirrhosis with separation of liver lobules by bands of fibrous 
tissue sometimes containing areas of cholangiofibrosis. Rat liver 442 days after 
beginning of diet containing DAN. Hematoxylin and eosin. 60 


Figure 13.—Areas of proliferating bile duets without definite adenoma formation, 
102 days after beginning of diet containing DAN. Hematoxylin and eosin. < 110 


Figure 14.—Regenerating area of hepatic cells uninvolved by fatty change which is 
so marked in the surrounding liver; 234 days after beginning of diet containing 
DAN. Hematoxylin and eosin. 150 
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PLATE 9 


Figure 15.—Foeal area of regeneration of liver cells at periphery of lobule. These 
are larger cells with relatively dense (basophilic) granular cytoplasm and large 
nuclei, compared to those around central vein in center of lobule. Hematoxylin 


and eosin. 175 

Figure 16.—Regenerating nodule of hepatie cells, showing compression of surround- 
ing hepatie tissue and proliferation of small bile ducts fat liver 89 days after 
beginning of diet containing DAN. Hematoxylin and eosin. 175 

Figure 17.—Nodule similar to figure 16 but showing more atypicality and less well- 


defined liver cords; 203 days after beginning of diet containing DAN. Hematoxylin 
and eosin. 300 


Figure 18.—Nodules showing definite atypicality suggesting early hepatoma; 442 
days after beginning of diet containing DAN. Hematoxylin and eosin. 150 
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Precancerous and Cancerous Lesions of 
the Forestomach and Dermal-Subcuta- 
neous Tumors in Rats Fed p-Dimethyl- 
aminobenzene-1-Azo-1-Naphthalene ! 


AmBapas S. Mutay and Haran I. Firmincer,? Labora- 
tory of Pathology, National Cancer Institute, Bethesda, Md. 


The carcinogenicity of compounds similar in chemical structure to 
p-dimethylaminoazobenzene is under study in this laboratory. In the 
course of this study it was found, contrary to previous observations (1, 2), 
that p-dimethylaminobenzene-1l-azo-l-naphthalene induced malignant 
tumors of the liver in male rats (3). In addition, tumors of the dermis 
and subcutaneous layers of the skin, and precancerous and cancerous 
lesions of the forestomach were found in these animals. These dermal- 
subcutaneous tumors and lesions of the forestomach form the basis for 
the present report. 


METHODS AND MATERIALS 


Eighty male Osborne-Mendel rats weighing 120 to 200 gms. were fed 
a semisynthetic diet (cerulose sugar 78%, vitamin-low casein 12%, salt 
mixture 4%, corn oil 5%, and vitamin mixture 1%), low in protein and 
riboflavin, and containing 0.075 percent p-dimethylaminobenzene-1-azo-1- 
naphthalene (DAN). The carcinogen was incorporated in the corn-oil 
fraction of the diet. ‘Twenty animals received this diet for 230 days, and 
the remaining 60 animals for 280 days. Forty similar rats received the 
same diet without carcinogen for 280 days, and served as controls. All 
the animals were returned to a diet of Purina laboratory chow pellets at 
the end of the period on experimental diet. 

Approximately every two months a few animals were killed for study. 
At these times, sick animals or those with large palpable tumors of the 
liver, when available, were selected to be killed. Later in the experiment 
animals were killed when they developed large tumors or appeared mori- 
bund. Some of the animals died unobserved, and varying degrees of 
tissue autolysis were evident at autopsy. Eight animals were excluded 
from the experiment because of the advanced state of autolysis of their 
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tissues at the time of discovery. The last surviving animal was autopsied 
24% months after the start of the experiment. 

At autopsy the stomach was removed, opened along the greater curva- 
ture, pinned out flat on a piece of cork, and fixed in a dish with 10 percent 
formalin or Zenker-formalin. Appropriate blocks of other tissues were 
taken and fixed in 10 percent formalin, Zenker-acetic, or Zenker-formalin. 


RESULTS 


Fifty (70%) of the rats on DAN diet had lesions of the mucosa of the 
forestomach at autopsy. No lesions were found in the 40 control animals 
on the same diet without DAN. The lesions in the forestomach of the 
animals fed DAN were manifested by a range of changes, varying from 
dyskeratotic or hyperplastic plaques (fig. 1) to squamous-cell carcinomas 
(figs. 8 and 9). Twenty-nine of the animals autopsied 70 to 400 days 
after the beginning of the diet had only hyperkeratosis and acanthosis of 
the mucosa, while 13 rats autopsied 400 or more days after the start of 
the diet had, in addition, single or multiple focal areas of proliferation of 
basal cells, with small budlike cellular formations projecting into the 
lamina propria (fig. 3). This basal-cell proliferation was sufficiently 
marked that multiple flat plaques of thickened mucosa were visible grossly 
as raised gray areas, ranging in size from pinpoint to one or two centi- 
meters in diameter (fig. 1). 

Microscopically, these lesions (figs. 2 and 3) in many respects resembled 
seborrheic keratoses seen in man. In 5 of the animals on the DAN diet 
for 280 days and then off the diet for 70 days or more, some of the plaque- 
like lesions showed dyskeratosis which resembled the precarcinomatous 
lesions noted previously in mice (4). The dyskeratosis was characterized 
by atypical crowded disorderly cells showing incomplete or abnormal 
keratinization. In some instances isolated single cells deep in the mucosa 
appeared to have keratinized. There was also separation of cells of the 
deeper layer of the mucosa (figs. 3, 4, 5, and 6) with apparent loss of co- 
hesiveness. 

At still later stages of feeding the carcinogenic diet, the baso-squamous 
cells invaded successively deeper layers of the stomach wall (figs. 6 and 
7). In 3 rats on DAN for 550 or more days, squamous-cell carcinoma 
(figs. 8 and 9) penetrated the stomach wall and formed a tumor mass on 
the peritoneal surface. The forestomachs of the control animals showed 
no such change, and failed to show any evidence of acanthosis or hyper- 
keratosis, as obtained in experimental rats in early stages of treatment 
with DAN. 

Eight of the rats fed carcinogen developed tumors of the dermis and 
subcutaneous tissue. All such tumors were found on the ventrolateral 
surface of the trunk and were either adjacent to or involved the mammary 
glands. It is probable that they were primarily tumors of the stroma of 
mammary tissue. Upon dissection, all were found to be very firm, and 
in cut section they were grayish white and trabeculated. Most of the 
tumors were encapsulated. Microscopically, 6 of the tumors proved to 
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be formed of connective tissue without any inclusion of glandular or 
ductal tissue. They were composed chiefly of interlacing bundles of 
collagenic fibers, with a few nuclei interspersed between them (fig. 10). 
However, 2 of the 6 tumors were somewhat more cellular, their nuclei 
were nrore variable in size and shape, and the boundary lines of the tumor 
were poorly defined (fig. 11). One of the 2 remaining tumors contained 
slightly hyperplastic mammary ducts and was diagnosed as a fibroade- 
noma (fig. 13). The other tumor was quite anaplastic. It was com- 
posed of spindle-shaped cells with scanty cytoplasm and hyperchromatic 
nuclei which varied in size and shape. This tumor invaded skeletal 
muscle of the chest wall (fig. 12) and was considered a fibrosarcoma. 


DISCUSSION 


All the tumors in the dermis and subcutaneous tissue of these male 
rats were histologically well differentiated, with the exception of the one 
fibrosarcoma. Three of the well differentiated tumors were successfully 
transplanted into Osborne-Mendel rats of both sexes. Previous studies 
(5-7) of similar tumors in female rats have shown that despite their 
benign appearance and well differentiated structure, these tumors can 
often be successfully transplanted. Hormones (4, 8, 9) evidently influence 
the growth rate of transplanted fibroadenomas of the breast in females. 
Crude extracts of the anterior lobe of the pituitary gland, as well as low 
dosages of estrogen, accelerate the growth of fibroadenomas transplanted 
on female rats (9). Pregnancy, according to Millar and Noble (9) exerts 
a similar effect, but Emge and Wulff (10) in previous studies found no 
influence or, if anything, slight retardation of tumor growth during 
pregnancy. Ovariectomy produced no effect on the growth of such 
tumors in female rats; and high doses of estrogen had no effect (9). 
Estrogen had no influence on growth of tumors in male animals. Sarcoma 
derived from the fibroadenoma shows little response to such hormonal 
treatment (9). Since the dermal-subcutaneous fibromas and fibro- 
adenomas usually occur in female rats, and rarely in male rats, it 
may be that the pathologic changes in the liver induced by DAN are a 
factor in the development of these tumors in males. In men, gyneco- 
mastia is not an unusual complication of cirrhosis. Presumably this is 
due to the inability of the liver to inactivate or excrete estrogen. How- 
ever, if the administration of estrogen to male rats can be considered 
comparable, it does not result in similar leisons. Ten-milligram pellets 
of stilbestrol implanted subcutaneously in male AXC rats have induced 
hyperplasia, lactation, and adenocarcinoma of the breast, but no fibromas 
or fibroadenomas have developed in these rats given stilbestrol (11). 

The potential malignancy of the fibroadenomas is supported by Selbie 
(12). In a recent report he described the transformation of such a 
fibroadenoma which was carried through 24 generations over a period of 
15 years. During the transfers of this tumor, the stroma and the epithe- 
lial elements appeared histologically to become malignant. None of the 
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fibrosarcomatous tumors which arose from the fibroadenomas metasta- 
sized, but the carcinomas in several instances did form metastases. 

The lesions of the mucosa of the forestomach produced by DAN are 
interesting because they show gradual and slowly progressive changes 
from a normal to a precancerous appearance of the mucosa, and’ finally 
to squamous-cell carcinoma. If such malignant lesions could be produced 
in most of the animals fed this dye, they might prove to be a valuable 
experimental object for the study of chemical, histochemical, and histo- 
pathologic changes that may accompany the transition of normal squamous 
epithelium to malignant tissue. 

The naphthalene radical of the azo-dye, DAN, is presumably responsible 
for the lesions of the forestomach in rats. Although Edwards and White 
(13) found squamous papillomas of the forestomach in 4 out of 92 Os- 
borne-Mendel rats fed p-dimethylaminoazobenzene, no lesions of the 
forestomach were obtained in rats in a companion experiment to the 
present one, in which p-dimethylaminoazobenzene was substituted for 
DAN in the diet (3). The only difference between DAN and p- 
dimethylaminoazobenzene is that the former contains a naphthalene 
group in lieu of the benzene ring. Hueper (14, 15) produced benign and 
malignant multiple papillomas of the urinary bladder, and cirrhosis of 
the liver in dogs by feeding 6-naphthylamine; and Perlmann and Staehler 
(16-18) produced fibroepithelial papillomas of the bladder in rabbits 
by subcutaneous injection of 1 mg. of the same compound. Possibly an 
azo-dye prepared with 8-naphthylamine, instead of the a-compound used 
in the present study, might lead to greater production of this lesion in 
shorter time. Also, study of the effects of other methods of administra- 
tion of the dye are now in progress. 


SUMMARY 


Lesions of the forestomach (ranging from dyskeratosis to squamous-cell 
carcinomas), produced in male Osborne-Mendel rats by feeding them 
p-dimethylaminobenzene-1-azo-1-naphthalene, are described. They reveal 
a gradual change of the mucosa from normal to precancerous, and finally 
to squamous-cell carcinomas. 

Dermal-subcutaneous fibromas and fibroadenomas observed in male 
Osborne-Mendel rats receiving DAN are described. These tumors, which 
are rarely seen in male rats of this strain, were found in 10 percent of the 
animals receiving DAN. 
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All photographs are from rats fed p-dimethylaminobenzene-1-azo-1-naphthalene 
(DAN) for 230 to 280 days and then fed basic diet without carcinogen. Time in 
days from the start of feeding DAN to the day of autopsy is noted in each case. All 
microscopic sections were stained with hematoxylin and eosin. 


PLATE 10 





Ficure 1.—Stomach of rat fed DAN for 280 days and autopsied 295 days later. There 


are numerous plaques with central ulceration, and crater formation in largest lesions. 
575 days. X 5 
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PLATE 11 


Ficure 2.—Plaque in mucosa of forestomach formed by local hyperplasia of hyper- 
chromatic, somewhat spindle-shaped, basal-type cells. 410 days. X 100 


Ficure 3.—Multiple budlike projections of basal cells into lamina propia. 
150 


575 davs. 


Figure 4.—Umbilicate lesion showing dyskeratosis, with separation of cells in the 
depth of the lesion. There is an epithelial cyst in the muscularis mucosa. 613 
days. X 130 
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PLaTE 12 
Figure 5.—Intraepithelial vesicles resembling those of Darier’s disease in man. 610 
days. x 125 


Ficgure 6.—Focus of marked proliferation of squamous cells of mucosa, with hyper- 
chromatism. The cells are atypical, lack normal keratinization, and resemble 
malignant dyskeratosis of early carcinoma in man. Squamous cells have pene- 
trated the wall of the stomach to the muscularis propria. 575 days. X 150 
Figure 7.—Focus of marked proliferation of squamous cells of mucosa, with two 


nests of squamous cells apparently isolated in the submucosa. 


575 days. & 60 
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PLATE 13 


Ficure 8.—Squamous-cell carcinoma of the forestomach with multiple “pearls.” 
This tumor had penetrated through the entire thickness of the stomach wall, 
although this photograph is not cut to show it. 660 days. > 40 


Figure 9.—Uleerated squamous-cell carcinoma with many plaques in mucosa of 
forestomach. 746 days. XX 5 
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PLATE 14 


Figure 10. Fibroma of dermis and subcutaneous tissue composed of interlacing 
bundles of collagenic fibers with a few nuclei interspersed between them. 453 days. 
100 


Ficgtre 11.—One of two fibromas in the dermis and subcutaneous tissue which were 
more cellular but still showed trabecular pattern. 615 days. 350 


Figure 12.—Fibrosarcoma of the dermis and subcutaneous tissue in a rat. There is 
hyperchromatism and variability in size and shape of nuclei. This tumor had 
invaded the skeletal muscle of the chest wall. 234 days. 690 


Figure 13.—Fibroadenoma of the breast. 642 days. 100 
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Modification of Acute Irradiation Injury 
in Mice and Guinea Pigs by Injection 
of Bone Marrow: A Histopathologic 
Study ' 


Cuartes C. Conapon, Detta Upuorr, and Econ Lo- 
RENZ, National Cancer Institute,? Bethesda, Md., and The 
Division of Biological and Medical Research, Argonne 
National Laboratory, Chicago, Ill. 


The search for ways to alleviate the manifestations of acute irradiation 
injury in experimental animals following a lethal total-body exposure has 
revealed several procedures that will significantly reduce mortality and 
accelerate regeneration of certain tissues damaged by irradiation. Injury 
to the blood-forming organs and the epithelium of portions of the gastro- 
intestinal tract appears to be of the greatest importance from a morpho- 
logic standpoint in causing the initial morbidity and mortality from total- 
body exposure. Therefore, the agents and techniques which alter the 
picture of irradiation injury probably have an effect on these tissues. 
The rapid spontaneous regeneration of the gastrointestinal epithelium that 
usually occurs in irradiated animals indicates that injury to this tissue is 
not the chief hazard. Injury to the blood-forming organs then becomes 
the most important single cause of death in acute total-body irradiation. 
However, it is entirely possible that other biological systems may be in- 
jured by the irradiation in the dose range under consideration, even though 
morphologic changes are not apparent. It is also possible that the pro- 
tective agents act on systems other than the hematopoietic system, but this 
remains to be demonstrated. 

Survival after lethal doses of irradiation has been achieved in a variety 
of ways. 

Stimulation of hematopoietic tissues by injection of foreign proteins 
(1), by administration of estrogen (2, 3), and by bleeding (4) prior to 
irradiation has been reported to be effective. The injection of chemical 
agents such as cysteine and glutathione shortly before irradiation, and 
anoxia in mice during irradiation have protective action (5). Shielding 
the surgically exteriorized spleen during total-body irradiation and inject- 
ing or transplanting living blood-forming cells after irradiation afford con- 
siderable protection after lethal doses. Parabiosis performed postradi- 
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ation is also effective in rats (54). The mechanism of protection when 
carried out following irradiation is the subject of the present study. 

Jacobson et al. (6) reported that intra-abdominal implantation of spleens 
from normal mice into irradiated mice significantly alters the mortality 
rate. Lorenz et al. (7) subsequently found that the administration of 
suspensions of bone marrow from normal animals produced recovery in 
mice and guinea pigs following irradiation with LD-100 doses. 

A review of the literature and a description of the histopathologic find- 
ings in the experimental animals of Lorenz and his coworkers (8-12) are 
presented. The data on survival and studies of peripheral blood are 
given in detail in the reports cited. 


REVIEW OF THE LITERATURE 


In recent years, several investigators have administered preparations of bone mar- 
row to irradiated animals. Talbot and Gerstner (13) observed survival time of rats 
exposed to 800 r total-body X irradiation and found a slight increase in length of life 
after intravenous injections of bone marrow suspended in saline. They concluded, 
however, that the results were not impressive. Rekers (14) and Rekers et al. (15) 
found equivocal prolongation of life in dogs that were given a specially prepared sus- 
pension of bone marrow intravenously following a total-body exposure of 350 r. Hil- 
finger and Ferguson (16) used rabbits transfused intravenously with femoral bone 
marrow that had been emulsified in the donor animal’s plasma or serum. The trans- 
fusion was given 3 days following exposure to doses of 1,000, 1,200, and 1,400 r. A 
more rapid return of leukocytes in the peripheral blood occurred in the treated animals. 
Studies of the effect on the mortality rate were not complete at the time of the report. 
Following the work of Lorenz, others have shown that suspensions of bone marrow 
significantly modify the mortality rate following total-body irradiation. Straube et 
al. (17) using mice and Chamberlain (18) using rats found reduced mortality after 
intravenous injections of bone marrow into the irradiated animals. 

Reports of the clinical use of a variety of preparations of bone marrow in the last 50 
years or so have been reviewed. No reports on the use of bone marrow to modify 
irradiation illness in man were found. Occasional reports have been found that con- 
cerned the effects of preparations of bone marrow in experimental animals. 

The first reports on the use of bone marrow for treating human disease appeared 
before 1900. Quine (20) in 1896 reviewed the literature on the remedial application of 
bone marrow and cited its first suggested use in 1891 by Brown-Séquard and d’Arsonval 
as a treatment for leukemia and other diseases characterized by “defective hemogen- 
esis.’”’ One-of the earliest papers regarding the clinical use of bone marrow was written 
i. 1892 in which the authors considered it a favorable agent in the treatment of a single 
case-of pernicious anemia (24). Orally administered preparations of bone marrow 
were tried by many physicians. Fillean (22) used this means to treat the anemia of 
debility and of tuberculosis. Macalister (23) in 1893 recorded favorable results with 
its use in one case of “lymphadenoma.” Fraser (24) in 1894 claimed a therapeutic 
effect in progressive pernicious anemia. Danforth (25) also reported on pernicious 
anemia treatment in 1894. He used an aromatic glyceride (1 dram after meals) of red 
bone marrow prepared from calves. Mann (26) reported beneficial results in other 
anemias. Forbes (27), Hun (28), and Bigger (29) also reported favorably in 1894 on 
bone-marrow therapy in chlorosis and other disorders. Billings (30) after a critical 
study concluded in the same year that bone marrow might be of value in cases of 
ordinary anemia and chlorosis of such a type as would be benefited by any form of iron, 
but he thought there was no proof of its effectiveness in pernicious anemia. Billings 
used a glycerine extract of sheep ribs which was administered by mouth three times a 
day. Hamilton (31), Quine (32), Barrs (33), Drummond (34), and Stockman (34) in 
1895 described their experience in the use of bone marrow. Its use in iron deficiency 
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anemias was clearly established as well as its ineffectiveness in pernicious anemia and 
the leukemias. 

Additional claims were made by Allison in 1896 (36) for its value in treating bone 
deformities, and Langdon and Bamford (37) used it in treating anemias. Hunt (38) 
found slight improvement in three cases of pernicious anemia but thought arsenic to be 
much more effective. Another review of the literature appeared in 1900 by Korezynski 
(39) who gave also the results of his extensive toxicity studies on dogs and rabbits. He 
gave water and glycerine extracts of red bone marrow to seven patients with various 
disorders. In 1903, Watson (40) reported that an ointment prepared from an ethereal 
extract of yellow bone marrow was effective in the treatment of some skin diseases. 
Werckmeister (41) in 1917 recommended that bone marrow be made into flour to 
alleviate malnutrition in Germany. Another period of bone-marrow therapy of human 
disease began in 1923 with the reports of Leake and Leake (42, 110, 111) that extracts 
of red bone marrow and spleen in combination were powerful erythropoietic stimulants 
in laboratory animals. They used oral and intravenous administration of filtered 
saline solutions of fresh spleen and bone marrow. Subsequently, Leake and Evans 
(48, 44) and Evans and Leake (45) demonstrated its use as a treatment for many 
secondary anemias. They found it to be ineffective in pernicious anemia and aplastic 
anemia. Fisher and Snell (46), Kay (47), Porteous (48), Thalhimer (49), and Dunham 
(50) all confirmed the work of Leake and Evans. A striking departure from the use of 
bone marrow administered orally was reported in 1926 by Katzenstein (61). He trans- 
planted tibial bone marrow from a child of the same blood group into the thigh fascia of 
a woman suffering from postabortal sepsis. The transplantation site became infected, 
and 10 days following the initial procedure a piece of tissue was removed from the 
wound. Although altered by the inflammatory process, typical bone marrow tissue 
was seen on histologic examination. No mention was made of either beneficial or 
adverse effects on the patient. In 1929, a Committee of the American Medical 
Association (52) reported that the action of red bone marrow was probably due to its 
content of iron and lecithin. During the next few years, yellow bone marrow became 
the center of interest, and the action of the preparations was thought to be on the for- 
mation of white blood cells rather than on erythropoiesis. Giffin and Watkins (53, 55) 
from 1930 to 1940 reported that yellow bone marrow, although beneficial in anemias, 
was mainly indicated in granulocytopenias. Marberg and Wiles (56, 57) reported 
favorably on the use of a concentrate of yellow bone marrow, prepared from the tibia 
and femur of cattle, administered orally in the treatment of patients with leukopenia 
and agranulocytic angina. In 1939, a preliminary review by a Committee of the 
American Medical Association of the work of Giffin and Watkins and of Marberg and 
Wiles indicated beneficial effect of yellow bone marrow in six cases of true agranulocy- 
tic angina with clinical improvement and increase in neutrophils (58). Further 
evidence was still needed for definitive evaluation. Drevermann and Gardner (69) 
reported some favorable effects of yellow bone-marrow extract when given intramus- 
cularly in granulocytopenia. No effect was seen in leukemia and aplastic anemia. 
Sandler (60), using experimental animals and healthy men, found a substance identified 
as batyl alcohol in yellow bone-marrow extract which he thought was the active 
principle. Contrary to the opinions of previous workers, Sandler believed that the 
effect was in stimulating the erythropoietic elements of bone marrow. Miscellaneous 
papers on bone-marrow extracts during the decade of 1930 include a report by Wahl 
(61) on treatment of typhoid fever in a child by daily intramuscular injections of a 
mixture of extracts of the suprarenal cortex and of fetal bone marrow with synthetic 
chlorhydrate of adrenalin. Baumann (62) used a protein-free extract of the red bone 
marrow of a young calf in the treatment of severe granulocytopenia and noted recovery 
in one patient after other measures had failed. Cooke (63) used intravenous and 
intramuscular injections of an extract made from the ribs of beef in the treatment of 
several patients with blood diseases. Remissions were found in some patients with 
evidence of increased maturation of granulocytes. 

Extracts of bone marrow are still being used, particularly by investigators in France. 
An interesting development is direct bone-marrow transfusions. Mallarmé (64) stated 
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that he had first tried medullary transfusion of bone marrow in 1938. He described a 
simple technique for transfusion of sternal bone marrow into the sternal marrow of a 
patient of a similar blood group. There was no benefit in cases of acute leukemia, 
aplastic anemia and other blood dyscrasias which usually are fatal. In one case of 
benzene poisoning, the patient received 20 cc. of marrow and a favorable effect was 
noted the next day when the temperature dropped, and 2 days later the red blood 
cell count increased; but the improvement was of short duration. Osgood, Riddle, 
and Mathews (65) found no effect in a patient suffering from aplastic anemia, and death 
occurred about 5 days after intravenous injection of 18 cc. of sternal marrow mixed 
with a marrow-culture medium and 500 cc. of the donor’s blood. 

In contrast to Mallarmé’s pessimistic appraisal of his own work and that of other 
French investigators, there are many enthusiastic publications on transfusion of bone 
marrow. However, in most cases, the patients received other forms of therapy in 
addition to bone marrow. Morrison and Samwick (102) used multiple transfusions 
of marrow into the sternum of a patient with aplastic anemia. Erythrocyte and 
leukocyte counts rose to normal. Doucet (103) and Giraud and Desmonts and their 
coworkers (66-72) in a series of papers discuss their favorable results with fresh 
bone marrow, extracts of bone marrow, and medullary transfusions in the treatment 
of anemias and other diseases. Combined therapy with extracts of bone marrow and 
of liver was often used in pernicious anemias by Giraud and Desmonts. Sanchez 
and Castillo (73-75) tried bone-marrow transfusion in a variety of diseases. Their 
work included the use of marrow from patients with one type of anemia transfused 
to patients with a contrasting type of anemia. 

Many isolated reports on the use of transfusions of bone marrow are to be found. 
Ling and Tai (76) described two cases of secondary granulocytopenia successfully 
treated by transfusion of intramedullary bone marrow. Giacardy and Richard (77) 
described its use in a patient with a hemorrhagic syndrome. Rosenstein (78) reviewed 
the literature on the use of bone marrow from young animals in the treatment of 
cancer and reported favorable results in three patients, including a case of carcinoma 
of the uterus and one of carcinoma of the rectum. Orozco (79) reported temporary 
improvement, persisting for 15 to 40 days, in cases of leukemia and anemia treated 
by transfusions of bone marrow. He thought that some principle which stimulated 
growth of marrow was introduced. Raszek-Rosenbusch (80) described the use of 
bone-marrow transfusion from adults into the marrow cavity of the sternum of chil- 
dren with hematopoietic diseases. The author believed that definite positive effects 
were obtained in anemia and lymphatic leukemia, and that the bone marrow con- 
tained some unknown but essential biologic factor. He used donors having the same 
blood group as the patient, and advised that Rh antibodies should be taken into 
consideration. In a study not planned to demonstrate any therapeutic effect of bone 
marrow, Thiersch (81) tried to transmit leukemia by implanting leukemic bone 
marrow into nonleukemic patients who were suffering from other types of malignant 
neoplasm. There was no effect on the recipients. 

From this survey of the literature, the work on therapy with bone marrow in man 
may be divided roughly into four periods. The earliest work dealt with the oral 
administration of red bone marrow, primarily a preparation of glycerine extract 
which was of positive value in iron-deficiency anemias, although claims were made 
for other diseases, as well. The second period was characterized by the use of a 
combination of extracts of red bone marrow and of spleen which were given orally 
and intravenously. Again, the secondary anemias were the only blood dyscrasias to 
be benefited. In the third period, extracts of yellow bone marrow were tried, but 
the value of it was not finally determined. A stimulating effect on the formation of 
granulocytes was claimed by most writers, but Sandler’s most recent work suggests 
that the active ingredient of the extract of yellow bone marrow is batyl alcohol and 
that it affects erythropoiesis. The final period of therapy with bone marrow con- 
tinues to the present time. Transfusion, usually intrasternal, of living bone marrow 
cells is being studied. Although there are many enthusiastic reports of its value in 
agranulocytosis, aplastic anemia and leukemia, no final proof of its effectiveness in 
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these disorders has been forthcoming. The temporary improvement observed in some 
patients and the improvement seen by Mallarmé in a patient with benzene poisoning 
suggests that further carefully controlled study is desirable. Proof for the claims 
made for therapy with bone marrow awaits the demonstration that all beneficial 
effects can be attributed to identifiable mineral and other ingredients of bone marrow, 
or to the fact that normal bone marrow contains some substance that may be lacking 
in patients with certain hematopoietic diseases. 


LITERATURE ON BonE-Marrow PREPARATIONS IN ANIMALS 


Much less has been written on the use of bone-marrow preparations in experimental 
animals. Zichis (83), Oestreicher (84), and Caldwell et al. (85) studied the effects of 
extracts of yellow bone marrow on benzene-induced granulocytopenia in laboratory 
animals and arrived at different conclusions as to its effectiveness. Ono (86) reported 
hyperplasia of the bone marrow after intraperitoneal injection of an aqueous solution 
of ground bone marrow. Kanazawa and Nakagami (87) found that multiple injec- 
tions of anti-bone-marrow-serum depressed the red and the white blood cells of the 
peripheral blood. Von Petzold (88) thought that he demonstrated stimulation of the 
formation of myeloid elements when he injected mice with a substance obtained from 
leukemic bone marrow or from spleen; a similar effect was obtained in both instances. 
Nettleship (89) reported a leukogenic action of extracts of bone marrow and of leuko- 
cytes. Menkin (90) demonstrated the stimulatory effect on bone marrow in a dog 
by injection of a leukocyte-promoting factor obtained from inflammatory exudates. 
Another type of work with animals was the investigation of transplantation of bone 
marrow. An unusual experiment was performed by Chiari (91) in 1912. He made 
an autologous transplant of femoral bone marrow to the spleen of a rabbit. Two 
months later the animal was exposed to total-body irradiation for 20 minutes with 
the splenic region shielded by a lead plate. When the animal was autopsied 5 months 
after the transplantation, the spleen was found to possess a well-developed nodule of 
bone marrow. This nodule was much larger than any nodules that had been seen 
after intrasplenic transplants of bone marrow in other nonirradiated animals. Mat- 
suoka (92), in a review of previous work and a report of his own experiments on trans- 
plants of bone marrow, demonstrated that bone marrow when transplanted into the 
spleen stimulates myeloid metaplasia in the splenic tissue adjacent to the transplant. 
He thought that an acellular substance diffused from the transplant into the donor 
site and induced the myeloid response. Miyauchi (93), Drinker and Lund (94), 
Neuhof and Hirshfield (95), and Tanaka (96, 97) all studied various aspects of the 
transplantation of bone marrow, including transplantation into the liver, injection 
into the aorta, and transplantation into the omentum. Diverse studies on bone- 
marrow preparations have been carried out by Brown and Joseph (98) to show the 
effects of blood pressure in dogs. Watanabe (99) investigated the toxic action of bone 
marrow on the kidney, and Kelser and King (100) and King (101) studied lesions of 
the central nervous system in rabbits and guinea pigs after intracerebral injection of 
extracts of the bone marrow of primates. 

This review of the literature on animal experiments shows that some of the writers 
believed that injected preparations of bone marrow stimulates hematopoiesis in the 
recipient. The toxic effects are apparently the result of the extraction procedure 
or the mode of administration. 


METHODS 


The technique ordinarily used in preparing the suspension of bone- 
marrow cells in buffered saline (buffered by the method of Earle (82)) 
for injection has been previously described (7). Mice were of strains 
A, L, C3Hb, and the genetically homogenous hybrid LAF,;. The guinea 
pigs were of the genetically homogenous “family 2.’”’ All irradiated 
animals were 3 to 4 months of age. 

2045475212 











78 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


In mice, the routes of administration of homologous bone-marrow 
suspensions were intravenous, intraperitoneal, and intrasplenic. Heter- 
ologous bone-marrow suspensions from the “family 2” guinea pigs, or 
from another strain of mice, were injected either intravenously or intra- 
peritoneally. In all these experiments, the bone-marrow suspensions 
were prepared without heparin as originally described. In guinea pigs 
the routes of administration were intracardiac, intravenous, or intraperi- 
toneal. For intraperitoneal injection, larger particles of bone marrow 
(all that would pass through a 20-gauge needle) were injected. 

Experimental and various control animals were killed in series as in- 
dicated under the heading, Results. Two animals, a male and a female, 
were autopsied for each serial killing. Routine autopsies were performed 
on all animals. The brain was not examined in the guinea pigs, but in 
some of the mice it was studied. Tissues were fixed in Zenker’s formol 
fluid and stained with hematoxylin and eosin. Giemsa stains were 
used for selected tissues. Bones were decalcified in formic acid. 

The irradiated mice in all experiments received a tissue-dose of 900 r 
total-body exposure. The 30-day LD 50 for these mice varied from 
550 r to 650 r. The irradiation conditions were 186 kvp, 20 mamps., 
0.25 mm. Cu + 1.06 mm. Al. Two tubes opposite each other were used 
to obtain a uniform tissue dose; their foci were 54 cm. from the center of 
the mice. The dosage rate was 93 r per minute. The irradiated guinea 
pigs in all experiments received a tissue-dose of total-body exposure of 
550 r. The 30-day LD 50 for these animals is approximately 400 r. The 
irradiation conditions were the same as for mice, except that the filtration 
was 0.5 mm. Cu and 0.55 mm. Al, in order to insure a uniform tissue- 
dose. The dosage rate was 65 r per minute. 


RESULTS 


GUINEA PIGS 





Normal guinea pigs.—Twenty animals 2 to 3 months of age were autop- 
sied.’ In all instances, the marrow spaces of the segments of the sternum 
were filled with blood-forming cells (fig. 1). Occasional fat cells were 
present. The marrow of the vertebrae resembled the sternal marrow in 
quantity of blood-forming cells. The spleens of these young guinea 
pigs showed moderate numbers of lymphatic nodules and nearly all 
showed small erythropoietic foci and megakaryocytes in the red pulp. 
There was striking erythropoietic activity in the spleen of one of these 
normal animals. The Peyer’s patches of the small intestine uniformly 
contained large active germinal centers. The lymph nodes showed 
moderate variation in the size and number of germinal centers in the 
cortex in different groups of nodes. The medullary portion of the nodes 
also showed considerable variation, with dilatation of lymph sinuses in 
some, and fibrosis and fat replacement of portions of the medulla in others. 
The thymus in the few animals examined contained numerous Hassall’s 


3 The one-month age difference between the control and irradiated animals is not revealed in the morphologic 
studics, with the possible exception of changes in the spleen, which vary in younger animals. 











IRRADIATION INJURY AND BONE MARROW 79 


corpuscles. The lungs in nearly every animal from which a sufficient 
number of sections were taken showed areas of fibrosis with formation of 
lymphatic nodules. Collections of mononuclear cells were sometimes 
found around small vessels and bronchi in the subpleural portions of the 
lung and these were interpreted as a lesser degree of this lesion. These 
areas were recognized grossly by the gray-white color and atelectasis. 
No stage of acute purulent pneumonia was recognized, but it was thought 
that this was the probable precursor to the lesion described above. 

Nonirradiated guinea pigs receiving bone-marrow injections.—Approxi- 
mately 100 mg. of bone marrow suspended in buffered saline was given 
intravenously to each of 10 animals. They were killed and autopsied 
in pairs on the 6th, 9th, 13th, 15th, and 20th days following injection. 
A second group of 10 nonirradiated animals received one injection of 
bone-marrow suspension intraperitoneally. These were autopsied in 
pairs on the 6th, 9th, 12th, 15th, and 20th days following injection. The 
suspension for each group was prepared as described under Methods. 
In the group receiving the injection intravenously, no evidence of the 
bone marrow was found in the tissues examined, and there were no 
alterations in hematopoietic tissues. The pulmonary lesion previously 
described was present in 9 of the 10 animals. 

In the intraperitoneal group, evidence of the bone-marrow injection 
was found only in the greater omentum where tiny nodules composed of 
bone and bone marrow were observed. The degree of development of 
bone and bone marrow was considerably less, however, than in the irradi- 
ated group. The details of the development of this type of transplant 
will be discussed later in relation to the irradiated group in which it was 
most noteworthy. 

Guinea pigs receiving 550 r total-body irradiation.—The 30-day LD-100 
dose for the “family 2” guinea pig is 550 r (table 1). Most of the ani- 
mals die 9 to 12 days after the irradiation, although one animal sur- 
vived 26 days and showed partial recovery of the hematopoietic tissues. 
Autopsy of the animals found dead showed widespread hemorrhages, 
usually involving subcutaneous tissue, omentum, lung, urinary bladder, 
gastrointestinal tract, and the body cavities. There was considerable 
variation from animal to animal. One guinea pig was found dead at 
11 days without evidence of hemorrhage. In another animal, perforation 
of the stomach was found at the site of hemorrhage. The lymphatic 
tissues, including lymph nodes, spleen, and Peyer’s patches, showed 
extreme atrophy and congestion. The bone marrow was usually dark 
red indicating intense congestion. The liver and kidneys were pale. 
The liver and spleen were friable at the time of death. Flabbiness of the 
heart muscle and loss of muscle tone of the gastrointestinal tract were also 
noted in animals found dead 9 to 12 days after irradiation. Autopsy of 
animals killed from 0 to 9 days after 550 r revealed atrophy of hemato- 
poietic tissues occurring within a few days after irradiation (figs. 2, 3, 4, 
8, 9). An increase in bleeding-time and widespread hemorrhages devel- 
oped between the 6th and the 9th days. The animals showed a period of 
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inactivity immediately after irradiation but soon recovered and appeared 
normal until the terminal period, when irritability, refusal to eat, weight 
loss and dehydration were apparent. The liver, kidneys and adrenal 
glands showed no significant histologic variations from the normal that 
could be attributed directly to the irradiation. The lymphatic tissue 
present in the pulmonary lesion described for normal guinea pigs showed 
destruction and partial regeneration just as did the normal lymphatic 
tissue of the spleen. 


TaBLe 1.—Effect of homologous bone marrow on mortality of irradiated 
“family 2” guinea pigs 
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The gonads usually showed some changes by the 7th day after irradia- 
tion. The testis showed reduced spermatogenesis and focal atrophy of 
the germinal epithelium. The ovarian changes were less definite but 
retrogressive changes were seen in the Graafian follicles. Bacterial 
masses were never found in the blood vessels of these guinea pigs. 
Bacteriologic studies were not carried out. 

Guinea pigs receiwing 550 r followed by intraperitoneal bone marrow.—In 
guinea pigs that were given intraperitoneal injections of bone marrow fol- 
lowing 550 r irradiation, the mortality was 50 percent (table 1). Twenty- 
two additional animals were given this treatment and were killed and 
autopsied at daily intervals for 6 days and at longer intervals through the 
59th day. In general, the sequence of effects characteristic of the 550 r 
dose on hematopoietic tissues in the bone-marrow-treated guinea pigs were 
the same as the effects of 550 ralone. However, the irradiated guinea pigs 
given bone marrow showed regeneration of the hematopoietic tissues and 
a progressive return to the normal state. This regeneration was not 
found in guinea pigs given irradiation alone, with the exception of the 
single animal mentioned in the preceding section. Many lymph nodes 
and Peyer’s patches showed reconstitution by the 15th day, although 
not all lymph nodes showed the same degree of recovery. Increased 
fibrous connective tissue in the medulla of the lymph nodes was interpreted 
as a sequel to the irradiation injury. Peyer’s patches returned to normal. 
Hemorrhages did not appear in the animals injected with bone marrow; 
these animals recovered. The injury to the testis and ovary was not 
modified by the treatment. Changes of significance were not found in 
liver, kidneys, or adrenal glands of the treated animals. Autopsy of 
seven animals that died in spite of the treatment showed essentially the 
histologic picture of irradiation alone and there were extensive hemor- 
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rhages. One animal that lived 15 days showed recovery of bone marrow 
but had a perforation of the stomach at the site of hemorrhage into the 
wall. In the animals that died, the bone and bone-marrow transplants 
in the omentum were usually fibrotic and poor in hematopoietic cells. 

Bone-marrow transplants in the greater omentum of guinea pigs.—When a 
suspension containing all of the particles of bone marrow removed from 
the four long bones of a donor animal was injected intraperitoneally into 
irradiated or nonirradiated animals, small nodules of bone marrow encased 
in and traversed by cancellous bone in an arrangement similar to that of 
the normal bone and its marrow developed in the greater omentum (fig. 
18). Smaller collections of blood-forming cells were also scattered over 
and beneath the omental serosa. In nonirradiated animals, the quanti- 
tative development of the bone and of bone-marrow nodules did not reach 
the same extent as that seen in the irradiated animals. Figures 10 to 17 
show the main histologic features of the transplant-nodules and of blood- 
forming cells on the surface of the serosa. In animals killed serially, 
the autopsy findings indicated that large particles of injected bone marrow 
formed an aggregate or a nucleus upon which the new tissue developed. 
The injected blood-forming cells making up this nucleus underwent 
necrosis, and vascular and fibroblastic organization of the aggregate into 
a fibrovascular nodule took place. This organization required about 6 
days. In general, the reappearance of blood-forming cells in the fibro- 
vascular nodule closely paralleled the regeneration of bone marrow in 
the sternum and vertebral column. This reappearance began about the 
6th day after injection, and one or more luxuriant nodules consisting of 
bone and bone marrow were present in irradiated animals by the 20th 
day. In any given animal, the number of nodules varied from one to five, 
and not all of them were necessarily well-developed and reddish pink in 
color. The transplant-nodules were attached to the omentum. The 
small white transplant-nodules occasionally encountered showed fibrous 
connective tissue filling the marrow spaces between sparse trabeculae of 
osteoid tissue and bone. Figure 17 shows small groups of blood-forming 
cells on and beneath the omental serosa. These varied greatly in number 
and arrangement, but in general they appeared to continue to produce 
formed elements of the blood and to regress with fibrous replacement 
after the animal’s sternal bone marrow had regenerated. 

Guinea pigs receiving 550 r and bone marrow intravenously.—In guinea 
pigs in which this procedure was carried out, the mortality was 40 percent 
(table 1). 

Twenty-three animals were treated in this manner and autopsied at 
daily intervals for 6 days and at longer intervals up to 20 days. Three 
additional animals were autopsied at 105 days. The histologic findings 
were with few exceptions basically the same as in the animals given 
bone marrow intraperitoneally. Figures 5 to 7 show the recovery of 
marrow of the sternum. The regeneration of blood-forming cells in bone 
marrow and spleen began 1 to 2 days ahead of the intraperitoneally 
injected group, and by 12 days the sternal bone marrow showed about 95 
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percent return toward the normal degree of cellularity, whereas at the 
same period the intraperitoneally injected animals showed about 20 
percent return. The degree of erythropoietic activity in the spleen of 
the intravenously injected animals declined strikingly after the 9th day 
following irradiation, whereas the intraperitoneally injected animals 
still showed widespread erythropoietic activity in the red pulp at the 
20th day after irradiation. Regeneration of lymphatic tissue of some 
lymph nodes seemed to be faster in the intravenous than in the intra- 
peritoneal group. 

In 5 autopsied animals that died or would have died in spite of the 
intravenous injection of bone marrow, gross examination revealed exten- 
sive hemorrhages, and histologically no regenerative blood-forming cells 
were found. 

The intravenously injected animals showed no transplant-phenomenon 
as did the intraperitoneally injected guinea pigs. The lungs of most 
of the serially killed intravenously injected animals were fixed and the 
entire lung embedded in paraffin for extensive histologic sampling. 
Several animals showed pieces of bone and collections of fat cells in the 
lumina of small pulmonary arteries. Blood-forming cells apparently 
had disappeared from these larger particles of bone marrow that lodged 
in the lung. Two of the three animals that were killed at 105 days 
following irradiation and treatment showed many spicules of bone in 
the area of the lung sampled. The third animal showed no changes in 
the lung other than the lesion found in most of these guinea pigs, described 
previously. However, this animal did show a small vascular nodule 
bulging from the surface of the spleen which resembled a hemangioendo- 
thelioma or a completely organized infarct. Serial sections of the remain- 
ing portion of the lesion in the block showed an organized thrombus in 
a large vessel at the apex of the lesion. Its relation to the irradiation 
or the bone-marrow injection was not apparent. 

Guinea pigs receiving bone marrow intracardially following 550 r.— 
After this procedure, the mortality was 15 percent (table 1). It was 
the best result obtained from the standpoint of survival. Five animals 
killed at 9, 10, and 27 days following the irradiation and intracardial 
injection were histologically similar to the intravenously injected animals. 


MIcE 


Nonirradiated mice—Ten male and ten female C3Hb mice about 3% 
months of age were killed and autopsied as normal controls. These 
animals all showed active blood-formation in the sternal and vertebral 
bone marrow, as well as in the red pulp of the spleen. The lymphatic 
tissues of the lymph nodes, spleen, Peyer’s patches and thymus were 
active and well developed. 

Mice receiving homologous bone marrow intraperitoneally without irradia- 
tion.—There was no histologic evidence that this procedure influenced 
the existing hematopoietic tissues of the injected animals. Approxi- 
mately 1.5 mg. was injected. When the omentum was sectioned for 
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histologic study, hematopoietic cells were found on and beneath the serosal 
surface. No bone and no nodules of bone marrow were seen. One of 
these mice developed a lymphosarcomaof the thymus, but this was 
thought to antedate the bone-marrow injection. Evidence of an injurious 
effect was not found with this procedure. The animals were killed 
serially. 

Mice receiving homologous bone marrow intravenously without irradia- 
tion.—In this experiment the injected bone marrow (approximately 1.5 
mg.) could not be identified in any of the tissues. There were no his- 
tologic changes that could be attributed to the bone-marrow injections. 
The animals were killed serially. 

Mice receiving 900 r total-body irradiation —This amount of total-body 
irradiation was lethal to 100 percent of mice of strains A, C3Hb, and the 
hybrid LAF, within 30 days. Strain L mice showed 89 percent mortality 
at 30 days with 700 r total-body irradiation. Most of the animals died 
by the 11th day showing depletion of hematopoietic tissues and frequently 
histologic evidence of bacteremia. In two strains, A and C3Hb, daily 
serial-killings and autopsies were performed from a few hours to 10 days 
after irradiation. The alterations in hematopoietic and lymphatic tissues 
were basically similar to those seen in the guinea pigs, although there 
were some exceptions. The rapidity of the destruction of blood-forming 
cells was striking with nearly total depletion of sternal bone marrow and 
red pulp of the spleen within 48 hours after irradiation. Megakaryocytes 
persisted to the 4th and 5th day. Regeneration of blood-forming cells 
prior to death was usually negligible except in the hybrid LAF, which 
sometimes showed patches of hematopoietic cells in the spleen prior to 
death. Slight return of lymphocytes in all lymphatic tissues was usually 
accomplished by 48 to 72 hours after irradiation. Extensive hemorrhage 
as seen in the guinea pig was not observed in the mice, although occasional 
animals showed hemorrhages into heart muscle, testis, bladder and men- 
inges of the brain. These were believed to be the result of bacterial 
necrosis of the walls of blood vessels in these tissues. The striking 
bacteremia which was not seen histologically in the guinea pig was 
seen in most of the irradiated mice at the time of death. Masses of 
bacteria were found within the blood vessels in nearly every organ at 
one time or another in a large series of animals. The earliest his- 
tologic evidence of bacteremia appeared 4 days after irradiation. It 
was regularly present in the spleen and liver of most animals that died 
from 5 to 12 days after irradiation. The involvement of other organs 
was less regular. Necrosis and necrobiosis of the tissue parenchyma 
surrounding the vessels containing the bacterial mass readily distinguished 
the lesions from artifacts or post-mortem change. Except for hemorrhage, 
cellular exudation was lacking. Changes in the gastrointestinal tract 
and gonads were not closely followed. The livers of the irradiated mice 
frequently showed cytoplasmic vacuoles at the time of death. 

Mice receiving homologous bone marrow intravenously following 900 r.— 
With this technique the mortality percentages were 30, 17, 32, and 0 for 
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strains L, LAF,,C3Hb and A mice, respectively, instead of the expected 100 
percent. A group of C3Hb mice was killed and autopsied at daily inter- 
vals after receiving irradiation plus intravenously injected bone marrow. 
Regeneration of blood-forming cells of the myelopoietic and erythropoietic 
series was found first in the red pulp of the spleen at 3 to 4 days after irra- 
diation. At 5 and 6 days, the sternal bone marrow showed slight regen- 
eration of blood-forming cells, and by this time splenic hematopoiesis was 
intense, occupying all of the red pulp. Blood-formation in the sternal 
marrow was intensely active by the 9th day. 

Animals autopsied after surviving well beyond the critical 12-day period 
showed complete return of hematopoietic tissues. The liver and lymph 
nodes often showed some degree of extramedullary hematopoiesis in the 
recovered animals. Intravascular collections of bacteria were not seen 
histologically in the serially-killed animals that would have recovered, as 
could be determined by the state of the bone marrow. In mice of all 
strains that died in spite of the bone-marrow injection, the histologic 
sections usually showed no regeneration of hematopoietic cells, and bac- 
teremia was present as in the irradiated control mice. Irradiation changes 
in gonads were apparently not modified by the bone-marrow injections. 

Mice receiving homologous bone marrow intraperitoneally after 900 r.— 
With this technique the mortality percentages were 40, 25, 90 and 84 in 
strains L, LAF,, C3Hb and A mice, respectively. In general, surviving 
animals showed regenerated hematopoietic tissues as in mice given the 
bone marrow intravenously. Lymph nodes often showed extramedullary 
hematopoiesis. The nodules of bone and of bone marrow that were found 
in the omenta of intraperitoneally injected guinea pigs were not seen 
grossly in the mice, but microscopic areas of bone formation, some con- 
taining hematopoietic cells were occasionally seen. The size of the in- 
jected bone-marrow particles was smaller in mice. 

The preparation of bone marrow in mice was such that no large particles 
of bone marrow were injected. When the omentum was sectioned, 
patches of hematopoietic cells were found on and beneath the surface of 
the serosa. 

Mice receiving heterologous bone marrow after 900 r—We have used the 
term ‘‘heterologous” bone marrow to apply to tissue from three different 
sources. In one experiment, bone marrow of a noninbred guinea pig was 
given to irradiated LAF, mice; in a second experiment, bone marrow from 
inbred guinea pigs (“family 2’’) was given to LAF, mice; in the third exper- 
iment, bone marrow from LAF, mice was given to irradiated C3Hb mice. 
An over-all evaluation of the results showed some delay in time of death in 
the various experiments. However, the bone marrow of the noninbred 
guinea pig used only intraperitoneally did not alter the 100 percent mortal- 
ity in LAF, mice. A few animals died earlier than would be expected 
from irradiation alone, indicating a deleterious effect (possibly related to 
infection) of the intraperitoneal bone marrow in this particular experiment. 
The bone marrow from inbred guinea pigs (“family 2’’) was used both 
intraperitoneally and intravenously, giving a mortality of 60 percent in 10 
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irradiated mice in the intravenously injected mice. Additional experi- 
ments using bone marrow of the inbred guinea pig (“family 13’’) in LAF, 
mice are under way (table 2). Serial killings were not carried out in the 
heterologous-bone-marrow experiments. Histologic study of surviving 
animals showed no essential variation from mice in other experiments 
surviving the total-body irradiation. A few of the mice found dead 
showed partial recovery of hematopoietic tissue with death apparently 
due to the bacteremia. When given intraperitoneally into mice, the 
guinea-pig bone marrow underwent necrosis and partial organization of 
the necrotic mass. There was suggestive histologic evidence that some 
of the cells of the guinea-pig bone marrow survived several days in the 
peritoneum of irradiated mice. Further study on this point is needed to 
determine the limits of viability. 


TaBLE 2—Effect of intravenous injection of heterologous bone marrow on mortality of 
irradiated mice 
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When bone marrow of LAF, mice was given intravenously to 18 irradi- 
ated C3Hb mice the mortality was 56 percent. Serial killings were not 
done. - 

DISCUSSION 


From the foregoing studies, it seems to be well established that the use 
of bone-marrow suspensions following total-body irradiation will prevent 
death in a large percentage of animals. Spleen transplanted intra-abdom- 
inally following irradiation appears to have the same mechanism of protec- 
tion. Additional studies have shown that the bone marrow in mice is 
effective when administered up to three days after total-body exposure, 
and further that allowing the bone-marrow suspension to stand at room 
temperature up to four hours after removal from the donor animals does 
not impair its effectiveness (19). The best and most reproducible results 
have been obtained when the donor animal belonged to the same inbred 
strain as the irradiated animal. When guinea-pig bone marrow was given 
to irradiated mice, or when mice of one inbred strain were donor animals 
to irradiated mice of another strain, the results were more variable but 
prolongation of life and the highly significant reduction of mortality to 
about 50 percent were found in some experiments. 

The mechanism of action of bone marrow injected into irradiated ani- 
mals is clearly revealed in its grosser aspects by the histologic studies and 
the finding of closely correlated changes in the peripheral blood. In all of 
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the experiments in which serial killings were performed, the findings indi- 
cated that progressive destruction of the irradiated animal’s hematopoietic 
tissues was not retarded by the injection of bone marrow. Studies of the 
peripheral blood disclosed related findings. The effect of the bone-marrow 
injection was not to prevent the action of X irradiation on hematopoietic 
tissues, but it apparently stimulated the regeneration of blood-forming 
tissues, primarily in organs where it normally occurs. At the same time, 
the extensive hemorrhage in guinea pigs and the bacteremia in mice did 
not develop when the irradiated animals received bone marrow. 

The fate of the injected bone marrow when given intravenously or 
intracardially was not evident from these experiments. An occasional 
piece of bone and adipose tissue was found in lumina of small branches of 
the pulmonary arteries, but blood-forming cells were not found in the lungs 
except in rare instances shortly after injection. Hence, it was assumed 
that most of the cells passed through the lungs and lodged elsewhere, 
possibly in lymph nodes, spleen and bone marrow. It was in these latter 
sites that Farr (109) demonstrated lodgement of lymphocytes, prepared 
from lymph nodes, following intravenous injection of them into rabbits. 

The large particles of bone marrow injected intraperitoneally in guinea 
pigs coalesced to undergo nearly complete necrosis and became attached 
to the omentum, where they underwent complete reorganization into bone 
and bone-marrownodules. Thisreorganization paralleled the regeneration 
of the bone marrow of the host animal, and hence these large transplants 
were not thought to be solely responsible for recovery from the irradiation. 
Two irradiated guinea pigs in a pilot experiment received finely dispersed 
bone-marrow suspensions intraperitoneally as a check on particle size. 
One died of the effects of irradiation, while the other showed a slow 
recovery and at autopsy had only a tiny bone-marrow transplant visible 
by gross examination. The cells scattered about the omental surface 
after intraperitoneal injection may play the main réle in causing recovery 
since they persist for 2 to 3 weeks before disappearing in recovered animals. 

From the data presented here and those obtained by Jacobson by 
shielding the spleen, by implantation of spleen, and by shielding the 
vermiform appendix, it seems to be unlikely that the injected cells would 
repopulate the blood-forming tissues of the host animal, even though they 
may settle in those locations. This is particularly evident when bone 
marrow or spleen from another strain or species of animal are used, even 
though these cells may survive for a few days in the irradiated alien host. 

The hypothesis that seems to be the best one indicates that injected or 
transplanted living cells produce a chemical substance which stimulates 
in some way the regeneration of blood-forming tissue. This has been 
called the humoral theory. Additional evidence for such a substance can 
be obtained from data given in a survey of the literature. Cronkite, 
Brecher and Chapman (104) discussed the humoral theory of the action 
of sulfhydryl compounds in irradiated animals. 

A third idea, largely ruled out by Jacobson’s experiments on shielded 
spleen and splenectomy immediately after irradiation and by the failure 
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of peripheral blood counts to rise until the host animal’s own tissues 
regenerate, is the ‘“‘tiding-over’’ theory in which it would be assumed that 
the injected or transplanted blood-forming cells continue to produce 
formed elements of the blood and carry the animal along until its own 
tissues recover. However, it is evident from our observation of the small 
isolated groups of blood-forming cells on the omentum of the guinea pig 
after intraperitoneal injection that blood-cell-formation continues for many 
days before fibrous connective tissue replaces the cells. 

Present investigations are largely concentrated on the humoral theory. 
An attempt has been made to determine whether all the cell types injected 
are necessary for recovery. Jacobson proposed that it is the reticulum 
cell which is the important element. Proof of this would require the 
injection after irradiation of suspensions consisting entirely of reticulum 
cells. At the present time, it has not been possible to separate elements of 
the bone marrow so as to obtain pure suspension of reticulum cells, 
erythropoietic cells, myeloid cells, megakaryocytes, or lymphocytes, for 
test on irradiated animals. Nevertheless, in a series of pilot experiments, 
a suspension of lymphosarcoma cells injected intravenously did not alter 
the mortality of irradiated strain A mice. A few irradiated mice lived 
well beyond their expected time of death and apparently had recovered 
after receiving a suspension of a well-differentiated reticulum-cell sarcoma 
intravenously. In another experiment, irradiated strain A mice received 
suspensions of thymus intravenously and a few survived. 

Nonliving substances related to, derived from, or thought to play a 
part in blood formation are being investigated from the standpoint of 
the humoral theory and also as a part of the search for ways of modifying 
irradiation injury. 

We failed to modify irradiation injury by a desiccated preparation of 
red bone marrow. The leukocytosis-promoting-factor* obtained from dogs 
prolonged the life of irradiated mice for a few days but did not affect the 
30-day mortality. Mice treated with this factor showed no regeneration 
of hematopoietic tissue. This substance had no beneficial effect on 
irradiated guinea pigs. 

The route of administration of the bone marrow influenced the mortality 
of the irradiated animals. In guinea pigs, intracardial injection proved to 
be best. In C3Hb mice, intrasplenic injection was also tried, and it 
resulted in a definite lowering of mortality. In-serial killings, the injected 
bone-marrow cells could not be identified in the congested spleen for 
1 to 3 days after irradiation, but after 4 to 5 days, the site of injection 
at the end of the spleen was often the site of a more advanced hemato- 
poietic activity than the remainder of the spleen. 

The application of the experiments of Lorenz et al. and of Jacobson 
et al. to clinical medicine is not now apparent. Total-body irradiation 
has had limited application in human disease. It is now theoretically pos- 
sible to raise the dose in acute total-body exposure. Increasing the amount 
of nitrogen mustard injected in leukemia where the effect on hematopoietic 


‘ The authors are grateful to Dr. Valy Menkin for supplying this factor. 
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tissues is similar to X irradiation by use of bone-marrow injection has 
been suggested for experimental investigation. Jacobson et al. have 
shown that temporary ligation of the splenic pedicle enhances hematopoie- 
tic recovery after a lethal dose of nitrogen mustard (105). 

There was no definite evidence that bone-marrow suspension was 
injurious to the animals used in our experiments. Talbot and Gerstner 
(13) reported injurious effects in rats given repeated intraperitoneal 
injections of bone marrow. 

The abundant literature on transfusion of sternal bone marrow in 
man, which has been extensively tried by the French workers, contains no 
reference to serious ill effects. 

Accidental acute total-body exposures to ionizing irradiation in the 
lethal-dose range have been reported by Hempelmann, Lisco and Hoffman 
(106). If accidents of this type should occur in industrial plants or 
laboratories, transfusion of red bone marrow from compatible blood-group 
donors following the techniques of the French workers might be tried, 
since we have no specific effective agents. Some attention to particle 
size should be given if intravenous injection is attempted. Fat embolism 
is apparently not a problem in experimental animals. The amount of 
bone marrow transfused should probably be increased if the quantities 
that have been effective in irradiated guinea pigs and mice are suitable 
for comparison. 

Data have been accumulated to show that intravenous injection of 
homologous bone marrow is effective in chronic irradiation anemia. 
Sixteen guinea pigs of ‘family 2” exposed to 8.8 r daily (8 hours) were 
removed from the exposure field when their erythrocyte count had reached 
approximately two million. They were injected intravenously with 
approximately 100 mg. of bone marrow within one day after termination 
of the exposure. Fourteen are well on the way to recovery and two died 
(107). Lorenz (108) had previously shown that guinea pigs of “family 
2” exposed under identical conditions invariably died after the exposure 
if their erythrocyte count was approximately two million. 


SUMMARY 


A survey of the literature on therapy with bone marrow in man revealed 
many conflicting reports on its effectiveness in blood dyscrasias. Evidence 
for a humoral effect on hematopoietic tissue by bone-marrow preparations 
exists, but its clinical value is unproved. 

A survey of some of the older work on experimental animals revealed 
conflicting reports on the existence of a humoral factor. The most 
recent work on bone-marrow injections in irradiated animals shows a 
definite beneficial effect. 

A histopathologic study of irradiated animals treated with bone- 
marrow injections revealed that destructive action of X irradiation on 
hematopoietic tissues was unaltered, but that regeneration of these tissues 
was greatly enhanced and was responsible for their recovery from the 
acute irradiation injury. 
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The main theories of action of bone-marrow suspensions are reviewed 
and evidence for and against the “‘cellular repopulation” and “‘tiding-over”’ 
theories presented. 

Some of the lines of investigation relative to the “humoral” theory 
are presented. 

Clinical trial of living bone-marrow suspensions along with other 
measures in the acute irradiation syndrome in man are suggested. Simi- 
larly clinical trials in other situations in which hematopoietic tissues are 
rapidly destroyed can be supported by these and other experimental 
studies. 
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FicgurE 1.—Normal sternal bone marrow of a guinea pig about 3 months of age. 
Hematoxylin and eosin. X 350 


Figure 2.—Sternal bone marrow of a guinea pig approximately 1 day after 550 r 
total-body irradiation. Note congestion of blood vessels and fragmentation of some 
cells. Loss of precursers of red and white blood cells is apparent. Hematoxylin 
and eosin. X 350 


Figure 3.—Sternal bone marrow of a guinea pig 3 days after 550 r total-body irradia- 
tion. Increasing congestion and loss of cellular elements. Megakaryocytes and 
mature polymorphonuclear leukocytes are the predominant cell types remaining at 
this period. Hematoxylin andeosin. X 350 


Figure 4.—Sternal bone marrow of a guinea pig 5 days after 550 r total-body irradia- 
tion, showing nearly total depletion of hematopoietic cells. Hematoxylin and eosin. 
X 350 
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Figure 5.—Sternal bone marrow of a guinea pig 5 days after 550 r total-body irradia- 
tion. The irradiation was immediately followed by an intravenous injection of 
bone marrow. <A focal area showing regenerating erythropoietic cells is present 
in an otherwise nearly totally depleted marrow. Hematoxylin and eosin. x 350 

Fictre 6.—The sternal bone marrow at 9 days of a guinea pig exposed to 550 r and 
given bone marrow intravenously. Diffuse regeneration of hematopoietic cells is 
present. Other areas showed an occasional megakaryocyte. Hematoxylin and 
eosin. X 350 

Ficure 7.—The sternal bone marrow at 12 days of a guinea pig exposed to 550 r and 
given bone marrow intravenously. The degree of cellularity is approximately 


normal. Megakaryocytes are abundant. Hematoxylin and eosin. Xx 350 
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Figure 8.—Sternal bone marrow of a guinea pig feund dead 9 days after 550 r. 
Compare this with that of the guinea pig injected with bone marrow at 9 days, 
seen in figure 6. Hematoxylin and eosin. x B50 

FIGURE 9.—Sternal bone marrow of a guinea pig found dead 11 davs after 550 r. 
Compare this with the bone marrow of the guinea pig injected with bone marrow 
at 12 days, seen in figure 7. Hematoxylin and eosin. x 30 
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Figure 10.—Section of the bone-marrow mass recovered from the peritoneal cavity of 
a guinea pig killed and autopsied about 4 hours after 550 r and intraperitoneal 
injection of bone marrow. Some crushed nuclei and cellular debris may be seen, 
but most of the cells are intact. Hematoxylin and eosin. * 350 


Figure 11.—Bone-marrow mass, embedded in omentum, recovered from the peritoneal 
cavity of a guinea pig killed and autopsied + days after 550 r and intraperitoneal 


injection of bone marrow. Note the dark necrotic central mass. A hemorrhagic 


zone separates the organizing margin from the necrotie portion. 
eosin. 30 
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Figure 12.—Edge of a nodule from the omentum of a guinea pig 5 days after irradia- 
tion and intraperitoneal injection of bone marrow. Osteoid trabeculae are shown 
near the outer margin. Fibroblastic and angioblastice tissue have replaced all of the 
necrotic bone marrow. Fat cells and rare hematopoietic cells are present. Hema- 
toxvlin and eosin. * 350 


Figure 13.—An omental nodule at 6 days from a guinea pig receiving the same 
treatment as that shown in figure 12. The trabeculae show calcification, and well- 
developed marrow spaces are present. Hematoxylin and eosin. * 350 
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PLATE 20 
Figure 14.—Section through an omental nodule of a guinea pig killed and autopsied 9 
days after irradiation and intraperitoneal injection of bone marrow. Hematoxylin 
and eosin. X 30 


Figure 15.—An omental nodule, similar to that shown in figure 14, at 9 days showing 


spicules of newly formed bone and marrow spaces containing hematopoietic cells 
between vascular channels. Hematoxylin and eosin. 350 
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PLATE 21 
Figure 16.—Omental nodule at 20 days after irradiation and intraperitoneal injection 
of bone marrow. Note marked widening of marrow spaces. These are filled with 
hematopoietic cells of all types. Hematoxylin and eosin, X 25 
Figure 17.——Small collection of blood-forming cells on and beneath the omental 
serosa of a guinea pig killed and autopsied 6 days after intraperitoneal injection of 
hone marrow. These cells represent the surviving hematopoietic elements from the 
original injection and did not go through the process illustrated in the preceding 
figures. Such small collections eventually show reduction in number of hemato- 
poietie cells and fibrous replacement. Hematoxylin and eosin. 260 


Figtre 18.—Gross view of an omental nodule (dark area at the right near the edge 


of the piece of omentum). This was removed from a guinea pig killed about 30 
days after irradiation and intraperitoneal injection of bone marrow. X 1.8 
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Influence of the Mammary Tumor 
Agent on the Longevity of Hosts Bear- 
ing a Transplanted Tumor '! 


Morris K. Barrett, MarGaretT K. DERINGER, and 
TuHetma B. Dunn, National Cancer Institute, Bethesda, Md.? 


From a common-sense point of view, it would appear that the length 
of time a tumor-bearing animal survives represents the summation of all 
the various factors involved in the ability of the tumor to grow and the 
power of the host to resist. In that sense, ‘‘survival time” can be looked 
upon as a very important measure of the host-tumor relationship. How- 
ever, this datum is not often used by laboratory workers when dealing 
with transplanted tumors except, perhaps, for the leukemias. The 
unpopularity of survival time as a measure of results may be due to the 
high degree of variability between individual animals commonly observed. 
We too have observed such variability, but during the course of observa- 
tions on nearly 1,200 transplants of the same tumor in over 3,000 animals, 
we have found sufficient consistency in the data on survival to warrant 
this report. 

Work previously reported (/, 2) indicated that the growth rate of a 
tumor in F, hybrid mice could be enhanced by something transmitted 
through the milk, presumably the mammary tumor agent. In another 
paper (3) having to do with an adaptative change in a tumor, it was noted 
that when the tumor was inoculated into resistant backcross hosts there 
appeared to be a maternal influence on the percentage of successful 
grafts—an enhancement occurring in those hosts that could be presumed 
to carry the agent. During that work and in later extensions of it we 
observed the time of death of large numbers of F; hybrid and backcross 
hosts bearing the tumor and noted that death appeared to be accelerated 
in those hosts that could be presumed to carry the agent. The evidence 
for this influence on survival of the host will be shown herein. 


METHODS AND MATERIALS 


Only those features of technique which are essential for an understanding 
of this paper will be given here. The reader is referred to previous papers 
(1-3) for details. 


! Received for publication March 31, 1952. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 
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The hosts included reciprocal F, hybrids between mice of strains 
C3H, with the agent, and C (B alb C), without the agent, and backcross 
animals derived by mating females from each of the reciprocal F; hybrids 
to males of strain C. No test for the presence of the agent in these hosts 
was performed, but in accordance with generally accepted principles, 
it can be assumed that the agent was present in those animals which had 
suckled a mother carrying the agent and absent otherwise. Thus, the 
agent was assumed to be present in C3H X C F, hybrid and in (C3H C 
x C)BC backcross hosts and absent from C X C3H F;, hybrid and 
(C C3H X C)BC backcross hosts. The hosts were 10 weeks of age on the 
average, and sexes were distributed approximately equally. 

The tumor was the transplantable mammary adenocarcinoma, C3HBA, 
which originated in strain C3H. It is transplantable to all strain C3H 
mice, to all the F, hybrids used here, to a small percentage (variable with 
conditions) of the backcross mice used, and to none of strain C mice. 
Small, uniform doses of the tumor were inoculated subcutaneously into 
all hosts, which were then observed for the presence of the tumor and 
the time of death of the host was recorded. 

Extracts of this tumor have been injected into young females of strain C 
and the presence of the agent in the tumor was proved.’ Similar tests 
revealed the persistence of the agent in the tumor after 66 generations 


in strain C3H hosts and also after 22 generations of growth in agent-free 
hybrids. 


RESULTS 


It was mentioned in the introduction that these observations were 
made during the course of other work. For that reason the method of 
determining longevity (and the type of data accumulated) varied accord- 
ing to the opportunities existing at the time. One type of data was 
accumulated during the early work on growth rate of the tumor in F, 
hybrids. In 8 experiments, small groups of hosts were allowed to carry 
the tumors for extended periods and records were kept of the day after 
inoculation on which half, or the nearest approximation to half, of the 
group were dead. The results in table 1 show that in 7 of the 8 experi- 
ments the C3H X C F, hybrids (agent present) died earlier than the 
C X C3H F; hybrids (agent absent). The weighted average time for 50 
percent deaths in the F, hybrid hosts was 27.8 days when the agent was 
present in the host, and 37.0 days when the agent was absent. 


+ Unpublished results obtained in collaboration with Dr. H. B. Andervont. Strain C females of the Andervont 
subline have an incidence of spontaneous mammary tumors of less than 1 percent at an average age of about 20 
months. Such mice were injected intraperitoneally with extracts of the tumors at about 3 weeks of age. Of 
16 mice injected with an extract of a stock tumor of the 66th generation in strain C3H, 8 developed tumors at an 
average age of11 months. Of15 mice injected with extract ofa tumor of the 22nd generation in C3H X C F; hybrids, 
5 developed tumors at an average age of 10 months. Of 16 mice injected with an extract of a tumor of the 22nd 
generation in C X C3H F; hybrids, 3 developed tumors at an average age of 10 months. All remaining mice were 
killed at 15 months of age due to unrelated circumstances, otherwise the number of tumor-bearing mice would, 
in all probability, have been higher. A similar test performed 9 tumor generations earlier resulted in 11 tumors 
in 19 mice. 
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TABLE 1.—Survival of F; hybrid hosis after tumor inoculation. Day on which approz- 
imately 50 percent were dead. 




















C3H X CF, ] C X C3H F; 
| 

Total number Number | Days after ||Total number, Number | Days after 

of mice | dead inoculation | of mice | dead inoculation 
ee ies 5 a | nee 5 32 
See 4 21 3 ee 4 36 
_ ee 5 25 .. =e 5 36 
ee 5 31 . = 5 36 
OD cecewces 5 28 a {eee | 5 45 
Se ciemnakeeue 4 36 | eee | 5 45 
| ee 5 33 ( =e 3 35 
ere 3 33 | 10......... | 5 30 
Riccecnceus 36 *27.8 || 74._..----- 37 |= *37.0 





*Weighted average. 
P=0.007 (not based on average but on f test). 


The weighting factor was the number of animals involved. The ¢ test indicates 
that the probability that this difference is due to chance is 0.007.‘ 


There was another group of 162 animals, equally divided between the 
two reciprocal F, hybrids, for which detailed data on survival were kept 
and percentage survival curves were constructed. Text-figure 1 shows 
these curves and makes it evident that the death of the C3H x C F, 
hybrids was accelerated. 


Although these curves strike the eye with some force, they are not statistically 
impressive. Owing to the intrinsic variance of such data, the ¢ test yields a high 
probability (0.23) and the difference is not significant. The degree of significance 
would have been increased statistically if the animals that died after 60 days had 
been included. However, these data derive their strength primarily from the fact 
that they are concordant with the other data. 


Another aspect of longevity is seen if one records the number of animals 
dying before some arbitrarily selected day. In this work a large number 
of F, hybrid hosts were killed on the 21st day after inoculation for the 
purpose of weighing the tumors. Records of the animals that died on or 
before the 21st day were kept in 28 experiments involving 568 animals 
equally divided between the two reciprocal hybrids. Of 282 C3H x CF, 
hybrids (agent present), 58, or 21 percent, died prior to 22 days; this can 
be compared with 32, or 11 percent, of 286 C x C3H F, hybrids (agent 
absent) that died during the same period. Thus there were about twice 
as many early deaths among the animals carrying the agent. 

There are two ways to look at these data statistically. If the aggregated data are 
treated as a 2 by 2 table and Chi square is calculated, the result is 9.4 (P=0.003) 
and the difference is highly significant. If, however, the data from the individual 
experiments (not shown) are examined one sees the intrinsic variability which would 


be expected. When the ¢ test was applied to these variable data in small groups the 
difference was found to be significant but the value of P is 0.02. 


‘ We are indebted to Mr. Marvin Schneiderman of the Biometrics Section of the National Cancer Institute for 
his invaluable assistance with the statistical analyses of the data. 
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TEXT-FIGURE 1.—Curves showing the cumulative percent of F; hybrid hosts dead 
at daily intervals after tumor inoculation. Reciprocal hybrids with and without 
the agent are compared. There were 81 animals of each kind. 


Perhaps the most impressive data were derived from the work in which 
foster-nursing was employed (see (2) for details). Litters of C X C3H F, 
hybrids were divided at birth into two approximately equal groups, one 
of which was allowed to nurse their own strain C mother and the other was 
given to a strain C3H foster mother. Matched groups of these were 
aggregated and compared with a group of C3H X C F, hybrids which had 
nursed their own strain C3H mother. The animals were killed at 21 days 
but a record of the animals that died early was kept. The results in 
table 2 show that the C X C3H F;, hybrids die at the same rate as the 
C3H X C F, hybrids when the former carry the agent and not otherwise. 
The earliest deaths in these animals were 3 on the 16th day after inocula- 
tion; all were in animals which carried the agent. 

By the Chi square test, the difference observed between the fostered and unfostered 
C X C3H F, hybrids is significant (P<0.01). There is no difference between the 


C3H X C F; hybrids and the C X C3H F; hybrids that suckled a strain C3H foster 
mother. 


Results qualitatively like those in F,; hybrid hosts were also obtained in 
resistant backcross hosts. The tumor-bearing animals died earlier when 
the maternal grandmother was from strain C3H than when she was from 
strainC. However, there are statistical weaknesses in these results owing 
to the fact that individual variations in survival were as great as, or greater 
than, in F, hybrids and the number of tumor-bearing animals was relatively 
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TaBLE 2.—Effect of foster nursing on survival of F; hybrid hosts. Data aggregated from 
3 separate experiments. The C X C3H F, hybrids were littermates separated at birth 
and collected into matched groups. Deaths 21 days or earlier after inoculation. 





C X C3H F C X C3H F 
C3H x CF, fostered by C3H not fostered 





Wie ccc eu nnsee 69 71 74 
I ciciccicmnence 9 10 1 
Percent deaths_........._-- 13 14 1 














The difference between 2nd and 3rd columns is significant. P<0.01. 


small because of the low percent of backcross mice that are susceptible to 
the tumor. The latter factor was aggravated by the abandonment of the 
use of (C C3H X C)BC during the course of the experiments owing to lack 
of space for animals. These factors combined to produce results which 
are not statistically significant by themselves but which may be of value 
in combination with the previous data. Briefly the data are as follows: 
In one group of animals there were 18 (C3H C X C)BC (agent present) 
hosts with a mean survival of 71.4 days compared with 11 (C C3H XK C)BC 
(agent absent) having a mean survival of 76.7 days. In another group, 
there were 40 (C3H C X C)BC hosts with a mean survival of 61.2 days 
compared with 16 (C C3H X C)BC with a mean survival time of 73.8 
days. Totaling these results, 58 (C3H C X C)BC hosts survived 65.3 
days on the average compared with 75.0 days average survival for 27 
(C C3H X C)BC hosts. 


The ¢ test when applied to these data yields a probability of 0.09 which does not 
indicate significance. One may treat all the data given as the results of 6 differing 
experiments (4 involving F; hybrid and 2 involving backcross hosts) in which relative 
longevity of tumor-bearing hosts was compared between hosts with and without the 
agent. If appropriate statistical methods (4) are applied for combining the 6 inde- 
pendent probabilities it is found that P<0.001 and the over-all observations are highly 
significant. 


DISCUSSION 


In an earlier section of this paper it was mentioned that the presence 
of the agent in the tumor tissue was proved but that the presence of the 
agent in the host was assumed—on what appear to be safe grounds. 
Furthermore, the maternal influence which is under study in this labo- 
ratory has not been rigorously proved to be the mammary tumor milk 
agent, although that is the most acceptable interpretation at present. 
With these reservations in mind we shall continue to speak of the presence 
or absence of the agent to avoid cumbersome circumlocutions, and in the 
discussion which follows it is assumed that the maternal influence is due 
to the agent. 

These observations afford strong support for the conclusion that the 
mammary tumor agent, when present in the host, materially hastened the 
death of a tumor-bearing animal, even though the agent was present in 
the tumor in all cases. This correlates with previous observations which 
showed the power of the agent to increase the transplantability of the 
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tumor (in backcross hosts) and the growth rate of the tumor (in F; hybrids) 
under similar conditions. We have also gotten the impression that the 
agent increases the growth rate of the tumor in backcross hosts but our 
data are not adequate statistically to prove this. 

The correlation between rapid growth in the tumor and short survival 
of the host seems obvious and, as a generalization, it is valid in our 
material. However, our experience suggests that it might be possible to 
push this principle too far. The generalization cannot be applied to 
individual hosts and it appears that small groups might yield erroneous 
impressions. Furthermore, it might be inferred from the generalization 
that there is a critical lethal size for the tumor. Our results indicate that 
such is not the case, except in the roughest sort of way. We have con- 
structed distribution diagrams in which size of the tumor (the product of 
biaxial measurements) at death was plotted against the time of survival 
for a moderately large number of hosts of each kind. In the diagrams 
(not shown) there is a tendency for the points to aggregate in a relatively 
limited area but there is much overlapping and the variations are so great 
that no significance could be attached to an average. It is possible that 
experiments especially designed for the purpose might yield data with 
less variance than ours, but our observations suggest that survival time 
may be a very treacherous index of tumor growth and should not be 
relied on except with caution and in large numbers of hosts. 

The underlying mechanism by which the agent produces these effects is 
unknown. ‘There is a suggestion that the phenomena may be related to 
dosage of the agent. Since some agent is present in the tumor in all 
hosts and some agent may be transmitted to the host by the father (6), 
it would appear that the maternal influence could represent merely an 
increase in the amount of the agent present. On the other hand, it may 
be that the agent produces some early change in the host and the later 
influence on the tumor is secondary. This is all speculative and decisions 
must wait upon further facts. However, it is clear that the tumor is in 
some way dependent upon the agent, either directly or indirectly. This 
is interesting when one remembers that physiologically and morphologi- 
cally the tumor has those attributes commonly associated with progressive, 
unrestricted, neoplastic growth, and has been observed to metastasize and, 
presumably, one is justified in looking upon the agent as the stimulus for 
the tumor. 

A search of the literature has revealed only two groups of workers who 
have made observations on longevity of tumor-bearing animals which 
can be compared with those reported herein. During the past two decades 
Casey and his associates have published many observations on the tumor 
accelerating properties of the XYZ factor (6). In some of these he has 
reported that the mean longevity of rabbits was decreased if XYZ was 
injected into hosts which were inoculated with Brown-Pearce tumor and, 
in addition, the transplantability and growth rate of the tumor were 
enhanced. In later work with mice (detailed references in (7)) he ob- 
served the presence of XYZ in certain murine mammary tumors but in 
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this work his conclusions were based upon enhanced transplantability 
and growth rate without reference to longevity. He has recently in- 
formed us * that tumor C3HBA, used here, contains an XYZ factor. Thus 
there is on the surface a striking resemblance between Casey’s observa- 
tions and our own. To state it briefly, he is working with a filterable, 
antigenic, thermolabile (56° C.), biological product, present in tumor 
C3HBA, and having the power to enhance the transplantability and 
growth rate of a tumor and decrease the survival of the host. The same 
can be said about the work reported here (and in previous publications) if 
one adds the well-known properties of the mammary tumor agent (sum- 
marized in (8)). However, there are points of difference; Casey reported 
that XYZ cannot be demonstrated in normal tissues or in fresh tissues 
whereas it is known from the work of Bittner and others (cited in (7)) 
that the mammary tumor agent can be demonstrated in fresh normal 
tissues. Furthermore, the hosts used here obtained the agent during 
nursing whereas XYZ was injected into adults. Although the incidence 
of spontaneous tumors may be increased when the agent is introduced 
either by suckling or by injection (adults are more resistant (8)), one 
cannot assume at this time that the phenomena that we have studied 
would be observed if the agent was injected shortly before the tumor was 
inoculated. Further experiments are being initiated in the hope of clarify- 
ing this point. 

A recent publication by Shear et al. (9) seems to be more closely related 
to the work reported herein but again there are important differences. 
They reported the presence in a murine mammary tumor of an “acceler- 
ant” which upon injection decreased the survival period of susceptible 
backcross mice after inoculation of a tumor. Both tumors arose spon- 
taneously in a strain C3H female carrying the agent, but whereas the 
presence of the agent in tumor C3HBA was demonstrated after several 
generations of transplantation, no test of their tumor in this respect was 
reported and it is not known whether the agent was present in their tumor 
or in extracts of it. Their hosts were susceptible backcross mice without 
the agent whereas here reciprocal F, hybrids and the corresponding 
resistant backcross mice were used. They injected an aqueous extract of 
frozen or fresh (cf. Casey) tumor into (presumably adult) hosts 10 days 
before inoculation of the tumor, whereas the hosts used here were infected— 
or not—with the agent during the nursing period and were inoculated 
with the tumor when about 10 weeks old. The data were based upon 
survival in both cases and the results were qualitatively alike. They state 
that preliminary evidence indicated that extracts of normal tissues (con- 
taining the agent?) did not contain the accelerant. As in the comparison 
with the work of Casey it does not appear possible with the facts available 
to decide whether the similarities or the differences weigh more heavily 
and a decision should be postponed. 

' Personal communication from Dr. Albert E. Casey. It should be noted in regard to this statement by Dr. 


Casey that X YZ appears to be a group of similar substances having enhancing properties but having also certain 
specificities with respect to species, strain, and tumor. 
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The work of Snell and his coworkers (10-12) also had to do with an 
enhancing effect on tumor growth but it will not be discussed here because, 
in addition to some of the same differences mentioned above, the compar- 
ison is further confused by the fact that they sometimes observed an en- 
hancement and sometimes an inhibition. 

Possible relationships between the work that we have reported and the 
work of others compel attention but they cannot be analyzed with cer- 
tainty at present. However, whatever relationship the mammary tumor 
agent may have to other biological substances, it is evident from accu- 
mulated data that it is one which has an influence on the incidence of 
spontaneous tumors, the transplantability of a tumor, the growth rate 
of a transplant, and the survival time of a tumor-bearing host. 


SUMMARY 


A mammary adenocarcinoma containing the agent was transplanted 
into a large number of reciprocal F, hybrids and the corresponding re- 
sistant backcross mice. The presence of the mammary tumor agent in 
the tumor tissue had been proved; the agent was assumed to be present 
in those hosts that had suckled a mother carrying the agent and absent 
otherwise. The data indicate that a tumor-bearing host survives a 
shorter period of time when the agent is present in the host before tumor 
inoculation than when the agent is absent. The mechanism by which 
this effect is brought about is unknown. 
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APPENDIX 
MORPHOLOGY OF MAMMARY TUMOR C3HBA 
Thelma B. Dunn, Pathologist 


A number of microscopic sections of the original tumor, and sections from all of 
the early generations from one through fifteen, were examined. Sections from occa- 
sional later generations, up to the one-hundredth were also examined. 

The original tumor showed two histologic patterns; one a reproduction of glandular 
acini with well-defined lumens, and the other composed of groups of rounded epithelial 
cells which formed solid nests or thick cordlike masses of closely packed cells. The 
cordlike masses were formed apparently by central necrosis in a mass of cells packed 
closely together, so that only a peripheral layer of rather uniform thickness survived 
(fig. 1). The early generations of the tumor varied morphologically within certain 
limits. In general, the pattern was acinar, but areas of closely packed cells without 
gland spaces appeared frequently, and occasional sections were composed almost 
entirely of this histologic pattern. Although the differences in these two forms in 
mammary tumors appear to be distinct in hematoxylin and eosin stain preparations, 
studies of the Golgi apparatus reported by Dalton* have shown that even in the 
areas of closely packed epithelial cells a glandular pattern can often be demonstrated 
when the Golgi substance is visualized. In later generations, the tumors were more 
uniformly of acinar structure (fig. 2), and it was from these generations that trans- 
planted tumors were taken for the work covered in the body of this paper. No 
striking change in morphology such as develops in some mammary tumors with trans- 
formation to sarcomas, has ever been seen in this tumor. 

It is interesting that the pathologists who first studied mammary tumors of the 
mouse were especially concerned with the significance of the solid cellular areas in 
relation to the areas of acinar reproduction. Apolant’ considered that a focus of 
epithelial cells forming a solid nest and appearing within an ‘“‘adenoma’”’ was evidence 
of a malignant change. Murray,® on the other hand, believed that solid cellular 
areas might differentiate into acinar structures if given an opportunity, and this 
formation was therefore not evidence of particular malignancy. Later, Bashford ® 
stated that the morphology of mammary tumors did not necessarily reflect bio- 
logical behavior, and consequently morphology gave no clear indication as to whether 
these tumors are malignant or benign. It has been our experience with mammary 
tumors that rapid growth may be found in tumors which have a well-differentiated 
“adenomatous” form. In the C3HBA tumor the less-differentiated solid areas failed 
to continue during transplantation, while the histologically more “‘benign’”’ and more 
differentiated glandular tissue persisted. 


*Datton, A. J.: Cytology of mammary tumors of the mouse. Edited by F. R. Moulton. A. A. A. 8S. No. 22, 
pp. 7-12, 1945. 

7 APOLANT, H.: Die epithelialen Geschwulste der Maus. Arb.a.d.Konigichn. Inst. f. Expt. Ther. Frankfurt 
A. M. 1: 7-62, 1909. 

§ Murray, J. A.: Spontaneous Cancer in the Mouse; histology, metastasis, transplantability, and the relations 
of malignant new growth to spontaneously affected animals. 3d. Sci. Rep. Imp. Cancer Research Fund, pp. 
69-114, 1908. 

®* Basurorp, E,. F.: The behaviour of tumour cells during propagation. 4th Sci. Rep. Imp. Cancer Research 
Fund, pp. 131-214, 1911. 
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PLATE 22 


Figure 1.—Original mammary tumor C3HBA. On the left, the tumor had evidently 
formed iarge nodules of solidly packed cells with central areas of necrosis. On the 


right, a glandular acinar formation characteristic of mammary adenocarcinomas can 
be observed. Hematoxylin andeosin. X 130 


Figure 2.—One-hundredth generation transplant of mammary tumor C3HBA. 


X 210 


Glandular acinar structure is still maintained. Hematoxylin and eosin. 
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The Effects of Ultrafiltrates and Resi- 
dues of Horse Serum and Chick- 
Embryo Extract on Proliferation of 
Cells in Vitro! 


KATHERINE K. Sanrorp, HELEN K. Watrtz, Joun E. 
SHANNON, JR., WILTON R. Ear eg, and Virernia J. Evans, 
Tissue Culture Unit, Laboratory of Biology, National Cancer 
Institute,? Bethesda, Md. 


In 1913, Carrel (1) demonstrated that extracts of embryonic tissue 
greatly accelerate the growth of chicken fibroblasts in vitro. When cells 
were cultured in plasma clot and chick-embryo extract, the rate of cell 
growth within certain limits could be correlated directly with the con- 
centration of embryo extract used. From the time of this observation 
until the present, numerous attempts have been made to determine the 
active growth-promoting fractions or components of chick-embryo extract. 

Baker and Carrel (2) and Fischer (3) precipitated from chick-embryo 
extract a protein-containing fraction, which they redissolved in Tyrode’s 
solution and tested for activity. Their experimental results suggested 
that the growth-stimulating substances in chick-embryo extract are 
proteins or are closely associated with the proteins of the extract. 

Fractionation of embryo extract was also carried out by dialysis to sepa- 
rate the low molecular and high molecular components and to determine 
whether the active molecules concerned are capable of diffusing through a 
collodion membrane impermeable to proteins. Baker and Carrel (4) 
found that when chick-embryo extract was dialyzed against water, the 
growth-promoting substances of the material subjected to dialysis were 
not removed although they were somewhat reduced in activity probably 
owing to denaturation of protein by prolonged contact with water. 
Fischer (5) dialyzed culture medium (plasma, serum, and embryo extract) 
against Ringer-glucose solution. The medium was thus separated into 2 
fractions, one referred to as “embryonin” containing growth-activating 
substances of high molecular weight, and the other, the diffusate containing 
substances of low molecular weight. Embryonin was studied (6) and 
found to contain very labile substances, not thrown out by ultracentrifuga- 
tion, that could be isolated by Hammarsten’s method for separation of 
nucleoproteins, but further purification was unsuccessful. Fischer con- 


1 Received for publication April 4, 1952. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 
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cluded that the multiplication and growth of tissue cells depends on the 
presence of Jabile nondialyzable, growth-promoting substances of the 
nucleoprotein portion of embryo extract, whereas accessory growth sub- 
stances of low molecular weight in the diffusate play an essential role in 
the maintenance of tissue cells. Davidson and Waymouth (7) prepared 
a nucleoprotein fraction from dried sheep-embryo extract by Hammar- 
sten’s method as employed by Fischer. This fraction was active in low 
concentration in increasing the nucleoprotein phosphorus of growing 
embryonic chick-heart fibroblasts. 

Some short-term experiments by Wright (8) suggested that the sub- 
stances in embryo extract that excite mitosis in chick fibroblasts are 
capable of passing through a collodion membrane impermeable to proteins. 
In this study, embryo extract was dialyzed against buffered saline, and the 
effect of the extract and diffusate on number of mitoses was investigated 
18 to 20 hours after treatment of the cultures. 

Baker (4) attempted to remove diffusible amino acids from chick-embryo 
extract by ultrafiltration of the extract with pressure through a collodion 
membrane. The ultrafiltrate of embryo extract added to chicken plasma 
clot failed to support growth of chicken fibroblasts; the residue retained 
some growth-stimulating action, but so much protein became insoluble 
that it was not a useful experimental material. 

By differential high-speed centrifugation, Tennant, Liebow, and Stern 
(9) isolated from chick-embryo extract a macromolecular fraction that 
upon resuspension in Tyrode’s solution had a growth-stimulating effect 
on cultures of mouse fibroblasts. A later study by Hoffman, Dingwall 
and Andrus (10) indicated that the macromolecular fraction of chick- 
embryo extract had some activity for growth of chick fibroblasts, but that 
the principal growth-promoting properties of ultracentrifuged extracts 
were retained in the supernatant fraction. 

In general, the growth-promoting properties of chick-embryo extract 
have been attributed to the supernatant fraction of ultracentrifuged 
extracts and particularly to the protein or nucleoprotein fraction of the 
extracts. 

Since in the early studies embryo extract was thought to contain all 
the essential substances for cell growth (11), little attention was directed 
to the nutritive value of serum. Parker (12) showed that strains of chicken 
fibroblasts were able to proliferate at a slow rate for long periods in a 
culture medium of chicken serum and Tyrode’s solution. In 1939, Baker 
(13) demonstrated that chicken serum, in addition to embryo extract, is 
needed for the continuous proliferation of chick-heart fibroblasts in vitro. 
At that time, for the long-term cultivation of mammalian tissue cells, it 
was common practice of Lewis (14), Earle (15), and Gey and Gey (16) to 
use various sera in addition to embryo extract in their culture media. 

Simms (17) introduced serum ultrafiltrate as a basic medium useful for 
cultures and as one containing a factor essential for the maintenance of 
living adult cells. Similarly, Fischer (5) considered the low molecular 
weight substances of serum diffusate as accessory growth factors. Aside 
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from these studies there has been little examination of the réle of serum 
fractions in the nutrition and metabolism of cultured tissue cells. 

Because of the limited information and the confusion in the literature 
regarding the réles of embryo extract and serum constituents in the nutri- 
tion of tissue cultures, the present experiments were designed to assess by 
a quantitative method the relative importance of protein-free ultrafiltrates 
and of the residues of horse serum and of chick-embryo extract in the 
proliferation of a pure strain of mouse cells originated from a single cell. 
The practical objective was to determine whether any fraction of either 
serum or embryo extract could be eliminated from the culture fluid without 
substantially diminishing the potency of the medium for cell growth; the 
elimination of any unnecessary fraction might simplify chemical analyses 
of the serum and embryo-extract medium and thus facilitate the ultimate 
synthesis of a chemically defined culture fluid. 


MATERIALS AND METHODS 


Preparation of replicate cultures.—The method for the preparation and 
handling of replicate cultures of strain L cells of single-cell origin has been 
described (18). This procedure was only slightly modified in the present 
experiments. The cells were washed and suspended in Earle’s balanced 
saline instead of in culture fluid. No cellophane substrate was used in 
culturing the cells; the cells grew directly on the glass floor of the culture 
flask. For all experiments except the first three, a modified culture flask, 
the T-15 flask,’ was designed, which had a more nearly level smooth floor 
than the T-12 flask used earlier (18). Each T-15 flask received 2 ml. Of 
the fraction of culture medium not used in suspending the cells and 0.5 ml. 
of the stirred saline suspension of cells. At the fluid renewals these cul- 
tures were centrifuged at 300 r.p.m. for 20 minutes (instead of at 1,100 
r.p.m. as formerly used), and 2 ml. of the culture fluid was renewed. This 
lower speed of centrifugation was tested in two experiments to determine 
whether the supernatant fluids were cleared of cells. The results indicated 
that with a centrifugation speed of 300 r.p.m. for 20 minutes and with the 
mechanical method of fluid removal, the loss of cell nuclei at the fluid 
renewals was insignificant. 

Measurement of proliferation in tissue cultures—At intervals after 
planting, 4 cultures from each experimental group were selected at random 
and the number of nuclei in each culture was determined (19). 

Preparation of balanced saline.—The saline used in the culture fluids 
was Earle’s balanced saline (20). In a few experiments the saline was 
fortified with 6 percent crystalline bovine plasma albumin.* The albumin 
was dissolved in triple distilled water and neutralized to pH 7.4 with 
NaOH solution. To the albumin solution a volume of saline equal to that 
of the distilled water was added to adjust the osmotic pressure. This 
saline contained double the concentration of salts normally in Earle’s 
balanced saline. 


3 lask design to be published. 
‘ Obtained from Armour and Company, Research Division, Chicago 9, Ill. 
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Preparation of horse serum.—The serum was obtained from the blood of 
6- to 10-year-old geldings, each of approximately 1,500 lbs. weight. 
Each horse had been maintained on a daily ration of 10 lbs. Derwood 
horse crunch ® and 15 lbs. of mixed timothy and clover hay, #2. At 
bleeding, the jugular vein was punctured with a 4 mm. O. D. trocar,* 
and the blood was drawn into 9-liter Pyrex glass cylinders,’ which were 
kept cooled in crushed ice. Usually 8 liters of blood were obtained from 
each of 4 horses. The blood was defibrinated immediately by continuous 
stirring with a 13-mm.-diameter glass rod, the lower end of which was 
flattened into a 30-mm.-diameter disc. The fibrin collected on this rod. 
The defibrinated blood was stored at 3° C. overnight. In the morning, 
the clear serum was siphoned from each cylinder; the fraction of serum 
above the cells was centrifuged at 3° C. to remove cells. The serum from 
the cylinders was pooled, and the pH was reduced to 7.1 by means of CQ). 
Two lots of serum (used in the 3d, 4th, 9th, and 10th experiments) were 
used fresh; two lots of serum (used in experiments 1, 2, and 5) were 
frozen in sealed flasks and stored at —18° C. for 3 months and 9 days, 
respectively. At the time of use, the frozen serum was thawed and 
recentrifuged at 3° C. In some experiments (experiments 1, 2, 3, 4, and 
9) the serum was not sterilized before ultrafiltration ; in others (experiments 
5 and 10) the serum was sterilized before ultrafiltration by passage through 
an 03-porosity Selas filter under pressure of a gas mixture of 5 percent 
Co, in air. 

Preparation of chick-embryo extract. —Filtered embryo extract was pre- 
pared by methods similar to those described (21). Approximately 35 
dozen 9-day chick embryos were used to prepare each lot of extract. 
Except in the last experiment, the embryos were not frozen before grind- 
ing. The embryo pulp was extracted with an equal volume of Earle’s 
balanced saline. After centrifugation the supernatant fluids were frozen 
in CO, snow and stored at —18° C. for approximately 16 hours. After 
this interval, the extract was thawed and recentrifuged before hyaluroni- 
dase treatment and ultracentrifugation (21). The extract was not frozen 
after sterilization but was used immediately for ultrafiltration. 

Ultrafiltration procedure.—Ultrafiltration of serum and embryo extract 
was carried out in a modified Simms’ ultrafiltration apparatus according 
to the procedure described by Simms (17), but the apparatus was mounted 
in a frame that at the time of ultrafiltration could be rolled into a cold 
room maintained at 3° C. The method of attaching the collodion 
membranes * was also altered. Two 1-inch sections of Gooch rubber 
tubing * were slipped over the glass sleeve at the lower end of the reser- 
voir. The end of the collodion membrane was held in place between 
the two rubbers and was firmly attached by many wrappings of small 


§ Obtained from Derwood Mills, Derwood, Md. This concentrate part of the diet contained 16-percent protein 
and supplements of minerals and vitamins, and is designed for the feeding of brood-mares and growing horse stock. 

* Style HG 437 obtained from the Haver-Glover Laboratories, Kansas City, Mo. 

7 Cylindrical jars, 6 by 18 inches, #850, obtained from Corning Glass Works, Corning, N. Y. 

§ The membranes were obtained from Microbiological Associates, 4846 Bethesda Ave., Bethesda, Md. 

* Pure gum rubber, Gooch type, diameter circular 1 inch, outside measure flat 14 inches; obtained from A. 8S. 
Aloe Co., St. Louis, Mo. 
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rubber tubing.” In the earliest runs the oscillating drums of the ultra- 
filtration apparatus were rocked at 2 cycles per minute; in all later runs 
the drums were rocked at 10 cycles per minute. For each lot of serum 
or embryo extract subjected to ultrafiltration a control lot was retained 
for experimental use. The volumes of material subjected to ultrafiltra- 
tion ranged from 450 to 800 ml., and the periods of ultrafiltration varied 
from 14% to 27 hours. The materials were ultrafiltered under pressure 
(400 mm. Hg) of a gas mixture of 5 percent CO, in nitrogen. 

Sterilization and storage of solutions.—All test solutions were sterilized 
by passage through an 03-porosity Selas filter under pressure of a gas 
mixture of 5 percent CO, in air. Before filtration, the embryo-extract 
residues and horse-serum residues were diluted and clarified through an 
XFF-porosity Selas filter. The residue constituted the material left in 
the collodion membrane at the close of ultrafiltration. Part of the horse- 
serum residue was diluted with balanced saline, and part was reconstituted 
with horse-serum ultrafiltrate. The dilution factor was such as to return 
to the residue the volume of fluid removed in ultrafiltration. The embryo- 
extract residue was similarly diluted with balanced saline or reconstituted 
with embryo-extract ultrafiltrate. The embryo-extract residue was 
diluted to original volume. During the course of each experiment, the 
test solutions were stored at 3° C. in rubber-stoppered test tubes; care 
was taken to prevent the solutions from coming in contact with the 
rubber. 

Chemical analyses.—Samples of ultrafiltrate were tested for protein by 
the addition of 1 volume of 20-percent sulfosalicylic acid to 3 volumes of 
ultrafiltrate. The mixture was allowed to stand for several hours and 
was examined for any turbidity. All samples of ultrafiltrate used on the 
culture were free from protein as demonstrated by this sulfosalicylic-acid 
reaction. 

The filtered horse serum, embryo extract, and fractions of these as used 
on the cells were analyzed " for total nitrogen and nonprotein nitrogen. 
The total nitrogen was determined by the modified micro-Kjeldahl method 
of Ma and Zuazaga (22). The total proteins were removed by precipita- 
tion with trichloracetic acid added to give a final concentration of 10 
percent. Usually one volume of 20-percent trichloracetic acid was added 
to one volume of material. The filtrate was analyzed for nonprotein 
nitrogen according to the method of Koch and McMeekin (23). 


EXPERIMENTS AND RESULTS 


EFFEcts OF HorsE-SERUM FRACTIONS 


Four lots of horse serum, ranging in volume from 530 to 800 ml. each 
(table 1), were subjected to ultrafiltration. The yields of ultrafiltrate 
varied from 52 and 57 percent of the total in the first two runs, to 61 and 71 
percent in the last runs; in the last two runs the oscillating drums of the 

%” Rubber tubing, Anode latex, S-free 44” i. d. 42’ wall; obtained from A. 8. Aloe Co., St. Louis, Mo. 


1 All chemical analyses were made by Dr. W. C. Alford of the Microanalytical Laboratory of the National 
Institutes of Health, whose help in this work is gratefully acknowledged. 
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ultrafiltration apparatus were rocked at the more rapid rate of 10 cycles per 











minute. This higher rate of oscillation appeared to cause the increase in 
yield. 
TaBLeE 1.—Data on ultrafiltration of horse serum 
ss Approxi- Total yield 
. . Initial vol- mate period | of ultrafil- Percentage Percentage 
Experiment | ume of horse f ultrafil d of total yield f 1 vield 
umber serum Cee | Soe as ultrafil- |! total yie 
" (in ml.) tration residue trate as residue 
; (in hours) (in ml.) 
Ses 600 16% 579 52 48 
i) 800 22% 794 57 43 
a 530 21 500 61 39 
eee 535 21% 450 71 29 




















Chemical analyses of the horse serum, serum ultrafiltrate, diluted 
residue, and reconstituted serum (residue plus ultrafiltrate) are presented 
in table 2. All of these analyses for nitrogen were made after each material 
had been sterilized by passage through a Selas 03-porosity filter, which 
probably removed some of the nitrogen-containing materials from the 
diluted residue and reconstituted serum. 


TABLE 2.—WNitrogen content of horse serum, serum fractions, and albumin saline 

















Material 
Experi- 
Chemical analyses ment Horse- Horse- Horse | Albumin 
number Horse serum serum serum saline 
serum ultrafil- | residue | reconsti- | (12 per- 
trate (diluted) tuted cent) 
Total nitrogen (mg. | 
per 100 ml.)__---- 1,2 1321 29 5 a. See 
3, 4, 9 1147 27 1011 1040 1451 
5 1095 31 879 | Sees 
10 1327 25 | Se Seep 
Nonprotein nitrogen 
(mg. per 100 ml.) - 1,2 33 29 UE | Basic scmsalsbaened 5 
3, 4, 9 32 28 14 —/) EE 
5 30 31 13 . 4 SERS eae 
10 27 24 ee ra uecacnion 














The first three lots of serum and serum fractions were tested on cells in 
5 experiments. In each experiment, replicate cultures of strain L cells 
were grown in a control culture fluid and in two or more experimental 
culture fluids. The control medium consisted of 40-percent horse serum, 
20-percent chick-embryo extract, and 40-percent Earle’s balanced saline. 
In the experimental culture media, the horse serum was replaced by either 
balanced saline, or serum ultrafiltrate, or serum residue (diluted), or 
reconstituted serum (ultrafiltrate plus residue). In each experiment the 
same lots of chick-embryo extract and saline were used on all cultures. In 


two experiments the saline was fortified with bovine plasma albumin to 
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supply additional protein nitrogen to the mixture of serum ultrafiltrate and 
embryo extract tested. A saline containing approximately 12 percent of 
albumin was prepared and analyzed for nitrogen (table 2); this 12-percent 
albumin saline was further diluted to 6 percent in actual use. 

The inoculum size varied from 70,000 nuclei per flask in experiment 2 to 
456,000 in experiment 4. In the other three experiments the inoculum 
size ranged from approximately 200,000 to 300,000 nuclei per flask. This 
range of inoculum size was chosen as one satisfactory for quantitative 
studies (24). 

At intervals after planting, 4 cultures were selected at random from 
each control and experimental group, and the number of nuclei per cul- 
ture was determined. The averages of these determinations were cal- 
culated and compared. For each experiment, the average number of 
nuclei in the experimental cultures was expressed as the percentage of the 
number of nuclei in the corresponding group of control cultures. These 
percentages are tabulated (table 3). 

In experiment 5, the cell sheets in the control cultures were accidentally 
loosened from the glass substrate toward the end of the first week of 
culture. These displaced cell sheets often became packed so tightly 
during centrifuging that resuspension was incomplete, and necrosis of the 
cells occurred. This necrosis reduced the total number of nuclei subse- 
quently obtained in these control cultures. The percentages for the 
experimental cultures (experiment 5, table 3) are therefore consistently 
high by a constant factor. Proliferation curves for experiments 3 and 5 
giving the average number of nuclei attained at weekly intervals are 
presented in text-figures 1 and 2. In the proliferation curves, the data 
for cultures growing in medium supplemented with albumin saline (experi- 
ment 3, table 3) and for cultures growing on whole serum (experiment 5, 
table 3) are not included. 

The experimental results may be summarized as follows: 1) The addi- 
tion of horse-serum ultrafiltrate to a culture fluid of chick-embryo extract 
and balanced saline (table 3) caused some increase in the number of 
nuclei, but even after 3 weeks of growth (experiment 5, table 3 and text- 
fig. 2), the number of nuclei in these cultures was less than that in the 
control cultures grown in the horse-serum-embryo-extract-saline mixture. 
2) The addition of crystalline bovine plasma albumin to a culture fluid 
of horse-serum ultrafiltrate, chick-embryo extract, and saline did not 
significantly increase the number of nuclei attained. 3) When, in one 
experiment, the concentration of horse-serum ultrafiltrate in the culture 
fluid was doubled, the number of nuclei was slightly increased. 4) In 
each experiment, the horse-serum residue used with embryo extract was 
more effective than the serum ultrafiltrate in increasing the number of 
nuclei in the cultures. 5) Although the addition of horse-serum residue 
to a culture fluid of chick-embryo extract and saline caused an increase 
in the number of nuclei, the numbers were still lower than those in control 
cultures grown in whole serum and embryo extract; this difference con- 

2045475218 
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TEXT-FIGURE 1.—Proliferation curves of experiment 3, testing effects of horse serum 
and horse-serum fractions on proliferation of strain L cells. Each point represents 
the average of determinations on 4 cultures. 











tinued until the control cultures became so overcrowded that necrosis 
occurred. 
EFFEctTs oF CuHICK-EMBRYO ExTRACT FRACTIONS 


Four lots of chick-embryo extract, ranging in volume from 450 to 860 
ml. each (table 4), were subjected to ultrafiltration. The yields of ultra- 
filtrate varied from 96 to 98 percent of the initial volumes. 


TABLE 4.—Data on ultrafiltration of chick-embryo extract 








Initial volume | Approximate 
scien ctembryo. | | period of | Percentage of 
ee eee extract ultrafiltration | ™" itrafiltrat 

(in ml.) (in hours) o8 ae 

TE ee eae eR TENTS 860 14% 98 
, EE EE OE LOI EL: 465 14% 97 
EE ey ee 450 27 96 
en PS ee Kee 530 27 97 
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TEXT-FIGURE 2.—Proliferation curves of experiment 5, testing effects of horse serum 
and horse-serum fractions on proliferation of strain L cells. Each point represents 
the average of determinations on 4 cultures with 3 exceptions. The second week 
average of experimental set B and the third week averages of experimental sets A 
and E were based on 3 cultures each. 


Chemical analyses of the chick-embryo extract, embryo-extract ultra- 
filtrate, residue (diluted), and reconstituted embryo extract (residue plus 
ultrafiltrate) are presented in table 5. All of these analyses for nitrogen 
were made after each material had been sterilized by passage through a 
Selas filter. The filtration probably removed nitrogen-containing sub- 
stances, inasmuch as both the diluted residue and reconstituted extract 
tended to clog the filters even after centrifugation and clarification filtering. 

The first three lots of embryo extract and extract fractions were tested 
on cells in three experiments. In each experiment, replicate cultures of 
strain L cells were grown in a control culture fluid and in two or more 
experimental culture fluids. The control medium consisted of 20-percent 
chick-embryo extract, 40-percent horse serum, and 40-percent Earle’s 
balanced saline. In the experimental culture media, the embryo extract 
was replaced by balanced saline, or embryo-extract ultrafiltrate, or diluted 
residue, or reconstituted chick-embryo extract (ultrafiltrate plus residue) 
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TABLE 5.—WNitrogen content of chick-embryo extract and embryo-extract fractions 





























Material 
Experi- - 
Chemical analyses ment mbryo- | Embryo 
| number Embryo ee extract extract 
extract ultrafiltrate residue reconsti- 
(diluted) tuted 
Total nitrogen (mg. per 
| 6, 9 90 24 21 39 
7 89 | 3) Seen ees Oe seein 
8 158 34 45 76 
10 124 De fee et ee ee 
Nonprotein nitrogen (mg. 
SS | ae 6,9 25 24 a 23 
7 23 ee ie ee 
8 39 34 7 39 
10 27 WP asewceoclsesecuwens 
(table 6). In each experiment, the same lots of horse serum and saline 


were used on all cultures. 

The inoculum sizes in these three experiments were 230,000 nuclei per 
flask in experiment 6, 187,000 in experiment 7, and 324,000 in experiment 8. 

At intervals after planting, 4 cultures were selected at random from each 
control and experimental group, and the number of nuclei per culture was 
determined. The averages of these determinations in number of nuclei 
per flask were compared. For each experiment, the average number of 
nuclei in the experimental cultures was expressed as the percentage of the 


number of nuclei in the control cultures (table 6). 


The more significant 


proliferation curves for experiment 8 are presented in text-figure 3. 


TaBLE 6.—Effects of chick-embryo extract and extract fractions on cell proliferation 








| Average number of nuclei in experimental cultures expressed as 
| percentage of nuclei population in control cultures 

















——_ a Experimental culture media pie wn 
No cul- 
j ture | 
\20% E. E.| 20% E. E. | 40% E. E.| 20% E. E. |20%E. E. 
140% H.S.| residue |ultrafiltrate|ultrafiltrate| reconstituted 

| 60% Sal. |40% H. 8.| 40% H. 8.|40% H.S.| 40% H.S. |40% H. S. 

| | 40% Sal. | 40% Sal. | 20% Sal. 40% Sal. | 40% Sal. 
ae 3 79 73 ee 94 100 
7 59 73 . | eee 97 100 
_ See 7 51 74 4 ae 101 100 
14 27 70 3 eee 73 100 
21 42 117 4 SRS 133 100 
ee 7 58 74 102 89 81 100 
| 10 46 64 117 108 87 100 
| 16 47 75 119 134 103 100 
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TExtT-FIGURE 3.—Proliferation curves of experiment 8, testing effects of embryo ex- 
tract and extract fractions on proliferation of strain L cells. Each point represents 
the average of determinations on 4 cultures. 


The experimental results may be summarized as follows: 1) The addition 
of chick-embryo extract residue to a culture fluid of horse serum and bal- 
anced saline (table 6) caused an increase in the number of nuclei attained, 
but the numbers were lower than those in control cultures grown in whole 
embryo extract and horse serum. This difference continued until the 
control cultures became so overcrowded that necrosis occurred (experi- 
ment 7, table 6). 2) In each experiment the embryo-extract ultrafiltrate 
used with horse serum was more effective than the residue in increasing the 
number of nuclei in the cultures. 3) When in one experiment the con- 
centration of embryo-extract ultrafiltrate was doubled, the number of 
nuclei was not significantly altered. 4) The number of nuclei in cultures 
grown on a mixture of embryo-extract ultrafiltrate, horse serum, and 
balanced saline was not significantly different from the numbers in control 
cultures grown on whole embryo extract, horse serum, and saline. 
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Errects oF MIXTURES OF SERUM FRACTIONS AND EMBRYO-EXTRACT FRACTIONS 


In the two final experiments, the effects of various mixtures of fractions 
on cell proliferation were tested. These mixtures included: 1) balanced 
saline and ultrafiltrates of both serum and embryo extract; 2) serum 
residue, embryo-extract ultrafiltrate, and saline; and 3) se. .m ultrafiltrate, 
embryo-extract residue, and saline. The results of these experiments are 
summarized in table 7, which has the same form as that described for 
tables 3 and 6. The inoculum size in experiment 9 was 230,000 nuclei per 
flask and in the last experiment 213,000 nuclei per flask. The proliferation 
curves for experiment 9 are presented in text-figure 4. 

The results of these two experiments may be summarized as follows: 
1) Cells of strain L failed to survive in a culture fluid containing saline and 
ultrafiltrates of both horse serum and embryo extract. 2) The numbers of 
nuclei in cultures grown on a mixture of horse-serum ultrafiltrate, embryo- 
extract residue, and saline did not appreciably exceed the number in the 
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TEXT-FIGURE 4.—Proliferation curves of experiment 9, testing effects of mixtures of 
embryo-extract fractions and serum fractions on proliferation of strain Lcells. Each 
point represents the average of determinations on 4 cultures with 1 exception. The 
7-day average of control set A was based on 3 cultures. 
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TABLE 7.—Effects of mixtures of embryo-extract fractions and horse-serum fractions on 
cell proliferation 














Average number of nuclei in experimental cultures expressed as 
| percentage of nuclei population in control cultures 
: Days . . . Control 
mat in Experimental culture media snediiees 
No. — 
ture | 40% H.S. | 40% H.S. | 40% H.S. | 40% H.S. | soo g 
ultrafiltrate | ultrafiltrate| residue residue sitet 
20% E. E. | 20% E. E. | 20% E. E. | 40% E. E. | 20% E. E. 
ultrafiltrate residue ultrafiltrate | ultrafiltrate 40% Sal 
40% Sal. 40% Sal. 40% Sal. 20% Sal. ? ‘ 
ere 3 10 27 Seer 100 
7 17 5 i See 100 
Se 4 BP tite anisttindes 69 87 100 
11 . § SERS RSS 27 55 100 























original inoculum. 3) When cells of strain L were grown in a mixture of 
embryo-extract ultrafiltrate, horse-serum residue, and saline, the number of 
nuclei was greatly increased. 4) Doubling the concentration of embryo- 
extract ultrafiltrate in this last medium further increased the number of 
nuclei attained, but even these numbers were lower than those in the con- 
trol cultures, grown in whole embryo extract, whole serum, and saline. 


DISCUSSION 


In these quantitative studies, the number of nuclei in the cultures has 
been determined at intervals after planting, and changes in these numbers 
during the period of growth have been used as ap index of the rate of 
proliferation within the cultures. It has been demonstrated that strain L 
mouse cells proliferate in a culture fluid of chick-embryo extract and bal- 
anced saline. When horse-serum ultrafiltrate is added to this culture 
fluid, a higher rate of proliferation obtains. When the residue of the horse 
serum after ultrafiltration is added to the mixture of chick-embryo extract 
and balanced saline, an even higher rate of cell proliferation occurs; but 
neither serum fraction alone stimulates proliferation to the extent that the 
whole serum does. 

Strain L mouse cells also proliferate in a culture fluid of horse serum 
and balanced saline. The proliferation rate is increased by the addition 


of chick-embryo extract residue to this culture fluid, but an even higher 
rate of proliferation, a rate comparable to that in the control cultures, is 
obtained when chick-embryo-extract ultrafiltrate is added to the mixture 
of horse serum and balanced saline. 

The most significant outcome of the present experiments is this demon- 
stration that cultures grown in a fluid mixture of chick-embryo-extract 
ultrafiltrate and dilute horse serum attain the same final number of 
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nuclei as control cultures grown in whole embryo extract and dilute horse 
serum. The large molecular, complex protein fraction of chick-embryo 
extract may thus be eliminated from the culture fluid without reducing 
the proliferation rate of strain L mouse cells. This conclusion is contrary 
to those of earlier investigators who, working with chicken fibroblasts, 
attributed major growth-activating properties to the protein or nucleo- 
protein fraction of embryo extract. 

Several factors probably contributed to this difference between the 
results of the present and earlier studies. In the present study, the quan- 
titative procedure for estimating effects of culture fluids on cells allowed 
a more nearly accurate appraisal of the materials tested. The plasma-clot 
substrate with its varying content of serum and other residues was elimi- 
nated. Washed cell suspensions were used to plant the cultures rather 
than cell clumps that carry residual nutritive materials into the experi- 
mental cultures. Replicate cultures containing initially the same number 
of nuclei were planted from a pure strain of cells, originated from a single 
cell. Changes in the cultures during the period of growth were measured 
by the enumeration of cell nuclei rather than by the measure of culture 
spread or area; in the latter measurement cell migration and cell prolifer- 
ation both contribute to the increase in area and cannot be separately 
analyzed. 

Also more active fractions of embryo extract and serum could be pre- 
pared by ultrafiltration than by dialysis against water or saline. Ultra- 
filtration at low temperature under a pressure of 5 percent CO, in nitrogen 
to control pH allowed separation of fractions without alteration of chemical 
properties by pH changes, bacterial growth, dilution, or prolonged contact 
with water. The collodion membranes were presumably more permeable 
than those used by Baker (4). In the preparation of chick-embryo extract, 
the embryos may have been more thoroughly ground before saline extrac- 
tion, and the hyaluronidase treatment appeared to release substances 
ordinarily held back in filtration, ultrafiltration, or dialysis. 

A second important outcome of the present study is a demonstration 
that serum ultrafiltrate, widely used for culturing tissue cells in the absence 
of foreign proteins, does not provide the cells with all the necessary com- 
ponents of serum. In fact, serum ultrafiltrate even when used with 
embryo extract must be considered a poor medium for cell proliferation. 
An attempt to fortify the ultrafiltrate with crystalline bovine plasma 
albumin was not successful, possibly due to impurities in the albumin 
preparation, but some such fortification appears desirable if a highly pro- 
liferative culture fluid is desired. There are certainly in the serum residue 
important materials for the nutrition of strain L mouse cells. On the 
other hand, these components of the residue appear to be supplemented 
by the small molecular substances of the ultrafiltrate. Thus, neither the 
ultrafiltrate fraction nor the residue of horse serum can be eliminated 
from the culture fluid without diminishing the value of the fluid for the 
growth of strain L mouse cells. 





136 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


SUMMARY AND CONCLUSIONS 


The present experiments were designed to assess by a quantitative 
method the relative importance of protein-free ultrafiltrates and of residues 
of horse serum and chick-embryo extract in the proliferation of strain L 
mouse cells of single-cell origin. The objective was to determine whether 
any fraction of either horse serum or chick-embryo extract could be elim- 
inated from the culture fluid without affecting cell proliferation and 
growth. 

Each fraction of horse serum was tested in combination with whole 
embryo extract; each fraction of embryo extract was tested in combination 
with whole horse serum; some fractions of serum and embryo extract were 
also tested in combination with each other. A quantitative evaluation of 
the fractions was made by setting up replicate cultures of strain L mouse 
cells and following the changes in number of nuclei in the control and 
experimental cultures during the 2- to 4-week periods of study. 

The results indicate that in the presence of chick-embryo extract, horse- 
serum ultrafiltrate is less effective than serum residue for supporting cell 
proliferation, but neither fraction alone is as effective as the whole serum. 
In the presence of horse serum, the ultrafiltrate of chick-embryo extract 
is more effective than embryo-extract residue and is comparable in activity 
to whole chick-embryo extract. The most significant outcome of this 
study is the demonstration that the high molecular, complex protein and 
nucleoprotein fraction of chick-embryo extract thought by most workers 
to contain the major growth-activating properties of embryo extracts 
can actually be eliminated from the culture fluid without significantly 
diminishing the potency of the fluid for proliferation of strain L mouse 
cells. 
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Tumor-Damaging Capacity of Plant 
Materials. I. Plants Used as Cathartics’ 


Morris BELKIN and DorotrHea B. FirzGreraup,? Laboru- 
tory of Chemical Pharmacology, National Cancer Institute,’ 
Bethesda, Md. 


The employment in medicine of drugs derived from plants goes back 
into remote antiquity. When one considers the use of opium from the 
juice of the Indian poppy, quinine from the bark of the cinchona tree, 
digitalis from the leaves of the purple foxglove, atropine and other bella- 
donna alkaloids from the leaves and roots of the deadly nightshade, and 
ephedrine from the stems of the Chinese plant Ma Huang, to name but 
a few, it is evident how widely distributed in nature are these plant 
products and how great is the debt of medicine to them even today, since 
the drugs mentioned above comprise some of the most valuable in the 
medical armamentarium. 

More recently, the brilliant success of the antibiotics has focused atten- 
tion on fungi as sources of anti-infectious agents; and renewed interest 
has been awakened in these and other types of plants as sources of effective 
drugs. 

In cancer, as in other fields, the use of plants in treating this disease is 
ancient. Some plants employed for this purpose have become known in 
folklore as ‘‘cancer root,’ “cancer weed,” (1) ete. During the past cen- 
tury, many publications have dealt with the use of plant substances 
against animal and human neoplasms (2). Bacterial products have been 
used for over 80 years, both experimentally and clinically, in treating 
cancer; and a polysaccharide extracted from Serratia marcescens has 
proved to be a useful tool in the chemotherapeutic attack on this problem 
(3, 4). 

Interest in higher plants as a potential source of tumor-damaging 
agents was stimulated with the finding that colchicine, an alkaloid derived 
from the autumn crocus, was capable of producing regression and cytolysis 
in tumors (5,6). More recently, this interest was given added point with 
the demonstration that podophyllin (7-9) and its constituents podo- 
phyllotoxin and alpha- and beta-peltatin (10, 11) were capable of inflicting 
considerable damage on experimental tumors. 

1 Received for publication April 7, 1952. 


2 With the technical assistance of George W. Cogan. 
3 National Institutes of Health, Public Health Service, Federal Security Agency. 
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This report is concerned with the results of testing certain preparations 
of plants which have been stated to possess cathartic activity. A few 
other plants were also included on the basis of taxonomic relationship. 
Since the objective of this experimental program is a search for plant 
substances with tumor-necrotizing capacity, such claims for catharsis 
have no theoretical bearing but merely constitute a convenient pharmaco- 
logical criterion for grouping plants for screening. 

The selection of cathartics to be tested first in this program was an 
extension of the results previously reported with podophyllin (7, 8), a 
cathartic derived from the May apple. These plants, members of the 
Spermatophyta, are listed in table 1 with their common names; also given 
are the preparations, doses used, and results. 


MATERIALS AND METHODS 


The plants, obtained mostly from commercial sources,* were received 
usually in powdered or granular form. Generally, only one part of the 
plant (leaves or roots or berries, etc.) was secured. In those cases where 
the material was freshly collected, the sample was first dried and then 
reduced to powder. 

Four preparations of each sample were made and tested as follows: 
1) Aqueous suspension.—A weighed sample of the powdered plant was 
suspended in distilled water at room temperature. Doses were adminis- 
tered according to the animal’s body weight so that the total volume in- 
jected was between 0.2 cc. and 0.5 cc. The suspensions were prepared 
just prior to injection. 

2) Olive-oil suspension.—Suspensions in olive oil were made in the same 
way as the aqueous suspensions. 

3) Alcohol extract.—Three hundred grams of powdered material were 
shaken for 4 hours with 600 ml. of ethyl alcohol in centrifuge bottles. 
In the earlier extractions 95-percent alcohol was used; later, absolute 
alcohol was routinely employed. The bottles were centrifuged for half 
an hour at about 15° C. in a refrigerated centrifuge, and the supernatant 
liquid decanted. Six hundred ml. of alcohol were then added to the 
residue, and the shaking and centrifugation repeated. The supernatants 
were then pooled, and the solvent evaporated under reduced pressure, at a 
temperature not above 40° C., until the odor of alcohol could no longer 
be detected. 

4) Acid extract.—The residue remaining after alcohol extraction was 
further treated with 600 ml. of approximately 2-percent HCl, shaken for 
4 hours and centrifuged. The supernatant was decanted and brought to 
approximate neutrality with 6N sodium hydroxide. 

These extracts were kept in glass stoppered bottles in the refrigerator, 
and were tested in mice within 5 days of preparation. 


48. B. Penick & Co., New York; and Peek and Velsor, Inc., New York. 
The Australian plants were obtained through the kindness of Mr. L. J. Webb, Commonwealth Scientific and 
Industrial Research Organization, Brisbane, Australia. 
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Dosage.—For the aqueous and olive-oil suspensions, doses were admin- 
istered according to the animal’s body weight; and the vehicle was adjusted 
to a convenient volume. One mg. per gram was the largest dose given 
for solid preparations. Most of the extracts were fluid, and were ad- 
ministered as such on a volume basis, according to the animal’s weight. 
Up to 0.04 cc. per gram was given, but to avoid too great an administered 
volume, this was the largest dose used. The concentration of acid- or 
alcohol-soluble constituents, with the method described, was such that an 
0.01-cc. dose for the acid extract represented about 5 mg. per gram of the 
original plant material, or about 5 times the largest dose used of dried, 
powdered plant. Similarly, an 0.01-cc. dose for the alcohol extract 
represented from 25 to 75 mg. per gram of original material, or about 25 
to 75 times the largest dose used of powdered plant. 

When extracts were gummy, or for any reason could not be conven- 
iently drawn into a syringe, the material was weighed, and made up to the 
desired volume with either water or olive oil depending on the solubility of 
the substance. In some cases, it was necessary to dissolve the substance 
in a small amount of alcohol and then dilute to appropriate volume with 
water. No dose higher than 1 mg. per gram was given on this basis. 

Toxicity.—Toxicity determinations were carried out on nontumor- 
bearing mice of several inbred strains. The highest doses were tested 
first, i.e., 1 mg. per gram of body weight for solid preparations and 0.04 
ec. per gram for liquid. Gross toxic symptoms were noted and deaths 
recorded over a 5-day period. If necessary, doses were lowered until an 
approximate LDy» was obtained. Groups of 4 mice were generally used 
per dose. 

Screening procedure.—CAF, hybrid mice (strain C female X strain A 
male) weighing 20 to 28 grams were used. The test tumor was sarcoma 
37 implanted intramuscularly into the right thigh. Fifteen mice, of both 
sexes, bearing 6-day-old tumors of relatively uniform size, were given one 
subcutaneous injection of the compound in a selected dose into the flank 
contralateral to the tumor. Fifteen similar mice served as untreated 
controls. Dosage was usually selected sufficiently below the LD, so that 
no more than one or two deaths occurred in the treated mice. The highest 
dose employed was 1 mg. per gram or 0.04 cc. per gram even though, 
with many materials, no deaths occurred at these dose levels. Five mice 
at a time from each treated and control group were sacrificed at 6, 24, and 
48 hours after drug administration. The tumors were examined for gross 
evidence of damage, and a slice, excised through the middle, was fixed in 
Zenker-formol for histologic study. Sections were stained routinely with 
hematoxylin and eosin. 

The effect of a preparation was judged on the basis of the gross and 
histologic appearance of the tumor. Gross hemorrhage was a useful 
criterion, even at 6 hours, and usually persisted, or sometimes increased 
in intensity, for the following 2 days. Grossly observed necrosis was 
occasionally seen in mice sacrificed 6 hours after injection; it was more 
frequently apparent at later intervals. 
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Histologically, a marked induced effect on the tumor was considered to 
have taken place when the histologic specimen exhibited widespread 
necrosis characterized by: pyknosis (and at times karyorrhexis) and 
cytoplasmic eosinophilia. In addition, very frequent findings were 
indication of edema, shown by wide intercellular spaces often containing 
finely granular substance, and shrinkage of cell cytoplasm; and evidence 
of hemorrhage and/or congestion, manifested by extravasation of erythro- 
cytes in extravascular tissues, or dilatation of vascular spaces crowded 
with red cells. This degree of effect is designated by the symbol ++ 
(table 1). 

The appearance of cytoplasmic shrinkage and eosinophilia, distorted 
mitotic figures, and mild nuclear injury as indicated by slight nuclear 
contraction and increased basophilia, were considered evidence of early 
cell damage (ECD).° These changes appeared usually at the 6-hour post- 
mortem periods. Histologic sections made of tumors of mice killed 24 and 
48 hours after injection were occasionally free of these changes observed 
at the earlier interval, suggesting that restitution to the normal was possible 
after this slighter degree of injury. 

In addition to sarcoma 37, other transplantable tumors were used. 
These were: C3HBA, a mammary adenocarcinoma of the breast carried 
in C3H mice; lymphoma 1 (a lymphosarcoma); and the Harding-Passey 
melanoma, the latter two tumors carried in CAF, mice. 


RESULTS 


At least one preparation which produced some degree of histologic 
damage to sarcoma 37 was yielded by 15 of the 32 plant species tested 
in this series. Of these, 7 were considered to have a strong effect, based 
on the roughly quantitative and arbitrarily chosen criterion that for any 
such plant the majority of the mice should exhibit pronounced damage 
for at least one preparation and for at least one experimental time interval. 
As previously mentioned, this degree of effect is designated ++ (table 1). 

The seven plants in this category are: Bryonia alba and dioica, Citrullus 
colocynthis, Ecballium elaterium, Rhamnus cathartica, Rheum officinale, 
Rumez crispus (R. obtusifolium) and Sonchus oleraceus. 

The capacity of the remaining 8 plants to produce tumor damage was 
considered to be of lesser degree. These have been assigned the nota- 
tion + (table 1) and constitute the following: Aloe perryi, Cassia alata, 
Euphorbia drummondii, Euphorbia pilulifera, Euphorbia resinifera, Garci- 
nia hanburyi, Ipomoea orizabensis and Veronica virginica. 

Of the plants examined in this series, the greatest capacity for inflicting 
tumor damage was judged to be demonstrated by preparations of Bryonia, 
especially the aqueous suspension. Grossly the tumors were markedly 
affected, showing necrosis and usually hemorrhage; even at 6 hours after 
treatment they were smaller than the controls. The retardation in 


5 The histologic criteria employed in this paper have been adopted from those described by MacCardle and 
Downing (12, 10). 
We are also indebted to Ross C. MacCardle for reading many of the slides in this series. 








oD 
sH 
re 


TUMOR-DAMAGING CAPACITY OF PLANT MATERIALS 


*4X0} U] WOAIZ O1V OZVUIEP JOUIN} PEONpU! 10J 81104110 O1FO[OJAD 
“4009 peonpul ou — 
“40039 Psonpul JO 9e1Zep JEsse] B SezOUNP + 


*dnoiZ 8 U] s[eMyUB pozeor} JO Aj] 10f[VU OY} 4SBO] 4B U] ZuJIINIV OZBuIVp 1OUIN} PsoNpU! poyIVUl SojOUVp +--+ » 






























































(‘seavBa] ‘suuag A][eAOUUT Ty) 
- £00; — ‘Su OT] — 0'1 - ea a a alan a lea at (TUBA) v20fysnbuv vissvD 
(‘soaBo] ‘qniys WIOMZUTyT) 
+ 20 ‘0 oa 29 G00 ‘0 “ 0'T — er ee ee uBI[BIJSNY ('T) 07Dj)D vissDD 
(‘S8ABI] puB suldys ‘AUOAIQ 9AIVBU 
i 10 0 |----7-|--- 77-7 - 0'l an ig PO eheroneeseeeenousunenneees UBIIBIISNY ('T) Vsoru19n) sisdouohig 
------|--------|------|-----------[-- ~~ =| > O'L [77 Trt rotor Jo 49'B14xe pros) ('T) q]0 vruchig 
(yoor AuoAIq pitM) (umnbowe 
o? m0; — #u¢Z0} + oT | ++  S pabaamcaetabietreattiiaesinicteteeiat ae p2V01p *g pus (J) DQID viUohig 
(‘saABea] Jo voInf potmp foniy ‘so,’ outI3090g) 
~ 100} + 2100} — O'T = ef Rae see sehen eee eee tere ease eee (19yBq) thusad 2077 
(‘saaBe] jo voint potp ‘aoje ad¥y) 
*(49yBq) DIDIIds “py puB 
= wk | eS Claas; ~ O'T _ GO | (49eTItW) Duvo.ufo "py yyIM “ds sty} Jo splaqAy pus (JoT[I]J_) Touaf a0)y 
(‘seaBa] jo oon porip ‘so[e ovdSeing) 
= ee ee “- 0°'T “ ae eee ee (J9]11J) Sesuapngsng a0)y 
‘ (‘seaBa] Jo sont potip ‘so[e ssopeqivg) 
ae ae Sabla te. _ 0'T -- Va, NG) ale tina ial atten a eg acc (A9][1JAI) 828UapDgung 20)7 
yeevrerke (‘SOABI] YSIJ ‘VOTB BPIIOT,7) 
eas tess * ——aT:!:hlU!UC*~<C ti tt ee nr ne ee ee 
"m6 /*99 a’ ‘wb *sad | Wb) bu "m6 | bu 
PEA esoq | ?°sa esog ~PeDa pba Pepa pe 
OUIBN 
49B814X9 PIV 40B1}X9 [OYOOTY gr roy uorsuedsns snoonby 











%892}4Dy709 8p pasn szunjd Aq Lg DworLD8 Ut pamnput ebDUDGg—'| ATAV J, 





204547—52——_19 















































_ ” : i oa lt’ nae on as can ete - on ae _ 2 2 eae 7 ~"="=== (goBayxo pros) “ds piquoydngy 
| | (und wniqioydn7y) 
= | €0 0 = | 2 10 0 | os O'T | - GL ‘0 | : Sbubcinaais re ~(B19gq) vuafiuisas viquoydngy 
| | | (‘qioy pop ‘oBinds Zurveq-]Ig) 
2 —- | 00; + | ©1000; - 0'l ~ hh eebie eel REN STEN ee (J) vaafynpd viquoydng 
p | | | | | (‘SOABOT PUB sUIOys ‘eFunds 44}0g) 
Bi — | 0] - 92 ¢00'0| — c.0 | — | 0 aati meaiains oor" uBTBsysny (J) snjgdad viquoydng 
2 |) |] | |] 
4 | | | | (‘SoABaT ‘pao 919SNBD) 
04 + | ¢0°0 _ 09 6200 '0 | — | $0 ~~ GZ ‘0 | alia at a ~""UBI[BIYSNY (SSIOG) wpuowwnup viquoydngy 
| ,, RE a I ee Cees neers cane Ae sta 
o | | ((Cynay Jo" eon ‘requinond Zuryiinbg) 
- in a or ¢0 ‘0 Pent mE yRatNn mE o na biel -"= (rq) wn24saqnja wnipogogy 
2) _————— | |} | | | | — | ——_—__ — 
2 | | CAN djnd y}UAIOIOI }0B1}X9 PolopMOg) 
. ° _ “et | 10 t+ | 10 | ——— “""("T) sayzufizoj09 snjjnajgeg 
g  -——_—_]—_—](—_—_——-_—-— — 
B 7 ; ; | __| | . | : - (a “N ‘djnd yyuAdojoo J9B1I4X9 PI[OG) 
Z | | | ¢'0 “" (TT) s2zyquhizoj09 snznanig 
6a | | Ca ‘N dnd yQuAo0]09) 
= - ¢z00 0 | ++ | 99 2000 o. 4 | | = | re itnidinis iat 3 a= hs ("[) svyqufivojo9 snjjnajrg 
se | | (* ports ‘poqoojes ‘dind ‘ajdde 10941¢) 
vs rT 100 | ++ | “°° 9000 0 | = i Se . | 20 “ 7 “""" (J) s2yqufiz0j09 snjjnazt9g 
- | | | | (‘soava, Luowyeg) 
3 Z0 ‘0 | “Su 0 'T =) 23 | e 4 0°! | = = a ("T) 04qQ0)6 auojayD 
. ‘mB /*99 | ‘mb sad | " | "wb | bu . ‘ub | bu | 
poymy) wsoq | eYyT| aso(] | Pou | osoc] Pea asoq 
uoisuodsns oulsN 


144 








}B1I}X9 PIV 


40B1}X9 JOYOOTY 


[10- 2110 














uotsuodsns snoonby 

















ponurjw0j—,891404700 sD pen sjunjd fig Lg DwosLD8 Ur paonpur obowvg—' I A1aV], 





145 


TUMOR-DAMAGING CAPACITY OF PLANT MATERIALS 


"4X0q Uy WALZ O18 OBVUIVP JOUIN, PeINpU] JOJ BI19}119 D1Z0[OZAD 
*q90ye peonpul ou — 
*400]J9 PeONpU] JO Vo1Zep Jesse B so}OUep + 

“dnoi2 8 Uy S[eUyUe pezve1} Jo AzJIOf[VUT OY} 4SBO] 4B U] BUpIINIO OJBUIVpP JOUIN PooONpU! poyxseUl SsoxOUNp ++, 





(yoor ‘awoziyt “g “g *Q ‘queqnyd BuIyD) 
ae spuqdy pus (J) wnzowjod -y ‘(uoT[Ieg) aypurzfo wnayy 



























































+ oe £0 ‘0 + 29 10 0 0'T so O'T 
Cd ‘SQ 348q BpBises BIBISBO) 
; : : ' ieee eee eee See een Seer eee “"--"puprysind snuumpyy 
ow 200 | — Su 0‘ OT - 0'T 
CaN ‘¥48q u10yyy¥oNg) 
= 20 ‘0 _ ‘Sul QT O'T — ge ee ee ee ee ine pe eer (J) opynbuvsf snuumpyy 
(A °N ‘selieq uloyy479Nng) 
_ zoo} + + 09 GOO 0 o'r ae eR ee Se er ee ee ee ee ee (I) 29274DY4}09 snumpyy 
(‘suamoy Au0ag) 
= Z100 ‘0 = ‘29 2000 ‘0 |; 9% 0 — ea ore en te eee isi tniaiaase i (I) suyoursyfo pruoang 
(‘SOA BI] uBeq yong) 
= 10 0 _- ‘99 GOO ‘0 O'T — “Sel (aaa LAPEER ES PPAR SEAS SERS “7""""" (rT) vppryo0fiy sayyuviuapy 
("yOoO1 Jo yIBq ynUuII}4Ng) 
= Z0 ‘0 — "SUI Q ‘T O'T — ee ee ee een Oe re arr oe ee “(") vasaur9 sunjin er 
Ca ‘N ‘004 Sey ontg) 
= 20 ‘0 ~ ‘Bul 0 'T O'T -- oper ts eo ee ee re ee renee eee ~~" (J) 4070928198 8147 
(‘deel uetpuy “yoo1 yyedin yz) 
“_ £0 ‘0 - ‘09 10 0 0'T — an a ah hat ate ahaa “--"(Cig ‘y) wnyjzading paowody 
Ca ‘N Uworxeyy ‘4001 ereyengerne, 
" ‘ ‘ 6 aaa hahaa aceasta SIouUspa']) sisuaqnz140 DaowodT 
+. £0 ‘0 - 99 G10 0 O'T - 0'T (s! 
(d ‘SQ ‘pajeed ‘4001 oo110017) 
= 20 ‘0 - ‘SUI Q'T O'T “= NR jaa Lah tte cai asta piafiynpun)b “ied (J) vuqnj6 vzrysshohyy 
(A °N wing oZoquiey) 
om 10 0 — ‘29 £000 ‘0 C20 ‘0 4- ME set oe ne ee rate en ee oe any (194 00}]) thanquoy DIU1IILDY) 
| Ca "N 3004 deep) 
‘ . — 1 PERS ORS ROR LASS BUSS PROCS LS a ae (YJOLOpUD A ) vband uniuoboxry 
ve £0 0 - doin! | 0'T a | 








10 


204547—52 


*3X0} UJ] UOAIZ O18 OFVUIUP JOUINZ PIONPUT 10J BI19}]10 9130[0JA) 
*yooye poonpuy ou — 
“yoo Psonpu] Jo veaZep Jesse] B SaJOUNp + 
*dno13 8 UY S[VUIJUB Pozar} JO AjJIO[VUI OY} 4SBO[ 4B Uy ZUPIINIDO OFBUIBp JOMIN) PsoNpU] PoysVUl seyouep ++, 








(a ‘N ‘9004 8,40A[NO 10 Bapue}deT) 
on _ a ii =. “2 MF nae er ae (J) Do1u1b11a DoU0La 4 


a 





(‘O]9STYZMOSs UOUIUIOD) 
¢10 0 - 09 G00 ‘0 — O'T _ Se Se eae uBI[BIJSNY (J) snaaD19aj}0 snyouog 


a 
> 





(3001 HOOP MOTTA X ) 
ey ee ee ery ea ee eT ee (J) snds119 rawngy 








£0 ‘0 si 09 10 0 - O'T = GL ‘0 


a Tenens em w3/00 [00'0 Worsuedsns snoonbe ‘40814xe 9U04008 (B 


— 
a 

















(‘suveq 1048B)) 
Se ee, ae ee ee a eee ee ey eee ds snut1y 





Cd “S ‘A ‘lO 10388) 
a rere A[snosusynoqns “w3/‘90 $09 JO 9sOp UI poyntIpuN pasoystumMIpy [~~~ Wr nnn nn nnn nn (I) stunwwoo snuroraz 





(‘ysarj ‘SaABaT 109SBD) 
PO ee ee Ee Re - iy FR lai haat alte athlete ea ei Ny 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 


*muB/'99 |, "m6 ‘sad "m6 Bue |, "U6 Bu 
POA asoq PORA asoq ~P2DA asoq PNA asoqy 
owen 











uotsuedsns 


q0B1}X9 PIV | 40B1}X9 [OYOOTY 110-0A110 uoisuodsns snoonby 











146 


POnulyUOQ— %892740Yy}09 SD pasn szunjd fq Lg DwoI4Ds Ut prmnput abvuDg—'| AAV], 






TUMOR-DAMAGING CAPACITY OF PLANT MATERIALS 147 


growth rate continued and was unmistakably evident at 48 hours, when the 
treated tumors were about one-third the size of the controls. During this 
period there was increasing histologic evidence of necrosis, hemorrhage, 
cytoplasmic eosinophilia, and cytoplasmic shrinkage (figs. 1-4). Titra- 
tion of aqueous suspensions of Bryonia with sarcoma 37 as test tumor 
indicated that a dose above 0.25 mg. per gram body weight was required 
for tumor-damaging activity. Oral administration, or subcutaneous 
injection of an aqueous suspension heated for 10 minutes at 100° C. gave 
negative results, in dose of 1 mg. per gram in both instances. 

The acid extract of Bryonia was tested against three other tumors, 
mentioned previously, in addition to sarcoma 37. Considerable damage 
was apparent in all three tumors; of note was the extensive hemorrhage 
and necrosis seen in the mammary adenocarcinoma C3HBA (figs. 5-8). 
The effect of Bryonia on lymphoma 1 is shown in figure 10; compare with 
the control in figure 9. 

An aqueous suspension of Citrullus colocynthis also produced necrosis 
in the Harding-Passey melanoma as illustrated in figure 12. An untreated 
control tumor is shown in figure 11 for comparison. 


DISCUSSION 


Of the 32 plants tested in this series for tumor-damaging capacity, 15 
or about half, an unexpectedly high proportion, produced some observable 
effect on sarcoma 37. 

The réle that systemic toxicity plays in the production of tumor damage 
under the conditions of these experiments is a minor one, if it enters at all. 
The single, subcutaneously administered dose was relatively high, and there 
were cases of diarrhea, prostration, and death. However, since there 
were about as many instances of equally toxic materials which did not 
induce tumor damage, as of induced damage accompanied by toxicity, 
it would appear that this factor could not have played the determining 
réle in the production of tumor necrosis. In this regard, it may be 
mentioned that of over 3,000 chemical agents screened in this Labo- 
ratory by Shear and coworkers (13), more than 2,000 were given at 
equally toxic dose levels without showing tumor-damaging potency. 

Because the screening procedure lasted only 2 days, no effort was made 
to restrict food intake of the controls to a level comparable to that of the 
treated mice where the latter were not eating at a normal rate. Toxicity 
can cause mice to lose weight appreciably even in 48 hours, but it has 
been shown previously (9) that while weight loss may contribute to slow- 
ing down tumor growth, it does not contribute to the production of tumor 
necrosis. 
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Fractionation studies are now under way° in attempts to isolate the 
chemical entities in these plants which are responsible for their tumor- 
damaging potency. 

SUMMARY 


Preparations from 32 plants, classified in the literature as cathartics, 
were tested for their capacity to produce damage in sarcoma 37, following 
a single, subcutaneous injection. Four preparations, viz.: an aqueous 
suspension, an olive-oil suspension, an alcohol extract, and an acid extract 
were examined for each plant. 

Fifteen plants yielded at least one preparation which exhibited histo- 
logically demonstrable damage. 

The plants which produced the strongest effect in sarcoma 37 were: 
Bryonia alba and dioica, Citrullus colocynthis, Ecballium elaterium, Rham- 
nus cathartica, Rheum officinale, Rumex crispus (R. obtusifolium) and 
Sonchus oleraceus. 

A lesser degree of tumor damage was produced by: Aloe perryi, Cassia 
alata, Euphorbia drummondii, Euphorbia pilulifera, Euphorbia resinifera, 
Garcinia hanburyi, Ipomoea orizabensis, and Veronica virginica. 

A mammary adenocarcinoma (C3HBA) and a _ lymphosarcoma 
(lymphoma 1) were also affected by preparations from Bryonia; and 
damage was induced in the Harding-Passey melanoma by Bryonia and 
Colocynth. 
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Plate 23 


Effect of Bryonia root on sarcoma 37, following a single subcutaneous dose of 1 mg. per 
gram of aqueous suspension. Zenker-formol fixation. Hematorylin and eosin. X 500 


FicurE 1.—Untreated control tumor. Note large, vesicular nuclei and numerous 
mitotic figures. Eight-day-old implant. 


Figure 2.—Six hours after injection. Early cell damage (ECD) characterized by 
shrinkage and increased staining of nucleus and cytoplasm. Cells appear reduced 
in size and separated from each other. 


Figure 3.—Twenty-four hours after injection. Note further changes beyond those 
observed in figure 2. Nuclei are uniformly pyknotic and blurred in outline. 


Figure 4,—Forty-eight hours after injection. Marked cellular necrosis. Note further 
changes beyond those shown in figure 3. Nuclei no longer visible and only necrotic, 
amorphous substance is observed. 

















Belkin and Fitzgerald 


204547—S2 








Lov JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Plate 24 
Effect of Bryonia root on mammary adenocarcinoma C3HBA after a single, subcu- 


taneous injection of acid ertraci in dose of 0.01 cc. per gram, Zenke r-formol fixation. 
Hematoxylin and cosin. 


Figure 5.—Untreated control tumor showing characteristic histologic structure. 
Fourteen-day-old implant. X 100 


Figure 6.—Twenty-four hours following treatment. Note loss of histologic structure 
due to necrosis of tissue, and masses of erythrocytes. XX 100 


Figure 7.—Untreated control tumor same as in figure 5. High-power view to show 
details of cells. X 1,000 


Figure 8.—Twenty-four hours after treatment. Same tumor as in figure 6. Note 
pyknosis and disintegrated cytoplasm. X 1,000 
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Plate 25 


Effect of Bryonia rooi on lymphoma 1, following a single, subcutaneous injection of acid 
ertract in dose of 0.01 cc. per gram. Zenker-formol fixation. Hematory!in and eosin. 


1,000 


Figure 9.—Untreated contro! tumor. Note large vesicular nuclei and scanty cyto- 
plasm. Twenty-one-day-old implant. 


Figure 10.—Twenty-four hours after treatment. Note pyknosis, karyorrhexis, and 
disintegrated cytoplasm. 


Effect of Colocynth pulp on Harding-Passey melanoma following a single subcutaneous 
injection of 0.5 mg. per gram of aqueous suspension. Zenker-formol fixation. Hema- 
torylin and eosin. X 700 


Figure 11.—Untreated control tumor. Thirty-nine-day-old implant. Note masses 
of pigment, and mitotic figure. 


Figure 12.—Twenty-four hours after treatment. Note pronounced damage to tumor 
tissue. Masses of pigment still disinguishable in amorphous debris. 
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An Agent From E. coli Causing Hem- 
orrhage and Regression of an Experi- 
mental Mouse Tumor. I. Isolation 
and Properties »* * 
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Cart Nremann,! The Gates and Crellin Laboratories of 
Chemistry, California Institute of Technology, Pasadena, 
Calif.5 


In 1931, Gratia and Linz (1), studying the Shwartzman reaction, re- 
ported that the injection of E. coli filtrates into guinea pigs bearing trans- 
planted liposarcoma produced an intense hemorrhagic lesion in the tumors. 
This phenomenon was observed both with and without a preparatory 
injection of the bacterial filtrate. The following year Shwartzman and 
Michailovsky (2) reported extensive tumor hemorrhage in mice bearing 
sarcoma 180 after injection of a meningococcus filtrate. The early 
chemical work on the nature of the tumor hemorrhagic agents of bacterial 
origin has been reviewed by Shear and Turner (3). In general, the 
activity has been found to be associated with carbohydrate fractions 
which give negative biuret tests. Such a preparation was isolated by 
Shear and Andervont from an E. coli filtrate and was found to be active, 
in respect to the production of hemorrhage in mouse tumors, at the low 
level of 0.4 y per animal (4,5). The active agent from Serratia marcescens 
(B. prodigiosus) has been studied extensively and was found to be a lipo- 
polysaccharide, active at levels of the order of 0.1 y in producing hemor- 
rhage in tumors of mice bearing sarcoma 37 (3, 6). 

It is the purpose of this report to describe the results of an investigation 
carried out in these laboratories on a mouse tumor hemorrhagic agent 
obtained from cultures of E. coll. 


BIOASSAY 


A colony of brother-and-sister-mated Marsh Buffalo white mice was 
used for the maintenance of the tumor and for all assays. A tumor 
(Crocker mouse sarcoma 180), approximately 7 to 10 mm. in diameter and 


1 Received for publication April 14, 1952. 

2 Supported from 1938 to 1943 by grants from the Argonaut Foundation, and, from 1948 to date, by grants from 
the National Cancer Institute of the U. 8. Public Health Service. 

3 The authors wish to express their indebtedness to Dr. Dan Campbell for assistance during the course of this 
investigation. 

‘ With the technical assistance of Mrs. P. Clark and Mrs. M. Ferington. 

‘ Contribution No. 1604 of The Gates and Crellin Laboratories of Chemistry. 
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10 to 14 days old from the time of transplant, was removed from the mouse 
and cut, under sterile 0.9 percent saline, into pieces approximately 1 mm. 
in each dimension. Only the firm, pearly portion was used, any necrotic 
or vascular tissue being discarded. The tumor fragment was trans- 
planted subcutaneously under the lateral abdominal or thoracic wall 
(after shaving the surface) by means of a trocar, fitted with a needle, 
under strictly aseptic conditions. The percentage of nontakes was very 
small. For a typical assay, 40 or more mice (about 6 weeks of age) were 
implanted with tumors. On the sixth day the tumors were approximately 
6 to 7 mm. in diameter and were ready for use. For each assay, 10 mice 
were injected intraperitoneally with 0.5 cc. of an aqueous solution of a 
preparation of known potency as a control. Three groups of 10 mice 
each were similarly injected with 3 dilutions of the preparation of un- 
known potency. The activity was defined as that dosage per mouse 
which produced a moderate degree of hemorrhage in at least 50 percent 
of the tumors within 24 hours. A moderate degree of hemorrhage was 
regarded as a subcutaneous hemorrhage, which was readily observable 
in that a considerable portion of the skin covering the tumor became dark 
brown and sometimes almost black. All mice were charted daily during 
the course of the assay, and occasionally a group of treated mice was ob- 
served for several weeks before being destroyed. 

It was noted, during this investigation, that in over 1,000 tumor-bearing 
but untreated mice there were 9.7 percent spontaneous regressions, where- 
as in approximately the same number of mice that had received varying 
amounts of the hemorrhagic agent there were 53 percent permanent 
regressions and 12 percent regressions with recurrence, the remainder 
having died. 

ANALYTICAL METHODS 


Absorption spectra.—Ultraviolet absorption spectra were determined 
with a Beckman, model DU, quartz spectrophotometer using 1-cm. quartz 
cells. Water and 0.1 N aqueous sodium hydroxide were used as solvents. 

Bound lipid.—The sample (circa 100 mg.) was dissolved in 70 ml. of 
water and extracted continuously with redistilled chloroform for 10 to 15 
hours. The amount of material extracted at this stage generally amount- 
ed to less than 1 percent of the sample weight. To the aqueous solution 
was then added 2 ml. of concentrated sulfuric acid, and the mixture 
gently heated under refluxing conditions for 1 to 2 hours, during which 
time considerable insoluble material separated from the reaction mixture. 
The mixture, including the insoluble material, was again extracted with 
redistilled chloroform for 10 to 15 hours, the chloroform extract evapo- 
rated to dryness, and the remaining waxy residue weighed. 

Equivalent percent tyrosine.-—The sample (circa 3 mg.) was dissolved in 
5 ml. of 0.2 N sodium hydroxide, 0.5 ml. of the Folin-Ciocalteu phenol re- 
agent (7), diluted with two volumes of water added, and the intensity 
of blue color, determined with a Klett-Summerson photoelectric colorim- 
eter equipped with a red filter, compared with that obtained with tyrosine 
as a standard. In certain cases, where the solutions exhibited a slight 
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turbidity, the solutions were evaluated in the colorimeter before the addi- 
tion of the reagent, and the final reading corrected for any spurious 
absorption. 

Equivalent percent glucose (reducing sugar).—The sample (circa 20 mg.) 
was heated, under refluxing conditions, with 20 ml. of 2 N hydrochloric 
acid for 1 hour, a time interval which previously had been shown to be 
adequate for the attainment of maximum reducing power. The hydrol- 
ysate was neutralized with aqueous sodium hydroxide, filtered, and 
diluted to 50 ml. Five-ml. aliquots were taken and the reducing power 
determined according to the ferricyanide-ceric sulfate method of Hassid 
(8), using glucose as a standard. 

Equivalent percent glucosamine.—The sample (circa 10 mg.) was sealed 
in a small test tube with 3 ml. of 2 N hydrochloric acid and heated in an 
oven at 105° C. for 4 hours (time for subsequent maximum color). The 
hydrolysate was filtered, neutralized with aqueous sodium hydroxide, and 
diluted with water to 25 ml. The equivalent percent glucosamine was 
determined on 1-ml. aliquots using the method of Elson and Morgan (9). 

Phosphorus.—The sample (circa 2 mg.) was digested overnight with 0.5 
ml. of 20 N sulfuric acid in a 110° C. oven as directed by Umbreit, Burris, 
and Stauffer (10), and the phosphorus determined on the colorless digests 
according to the method of Fiske and Subbarow (11). 


PREPARATION OF CULTURES 


Three 10-liter Pyrex bottles, each fitted with a sintered glass aeration tube 
and an outlet tube, were individually charged with 7 liters of solution 
containing 127.4 gm. of Na,HPO,-12H,0, 7.7 gm. of KH,PO,, 0.7 gm. of 
MgSO,-7H,0, and 0.35 gm. of NaCl, and then autoclaved. To each bottle 
was added an autoclaved solution of 28 gm. of glucose and 14 gm. of aspara- 
gine in 200 ml. of water. It was found advisable to autoclave the glucose 
and asparagine solution separately from the salt solution in order to avoid 
excessive darkening of the medium. An inoculum of 20 ml. of a 24-hour 
nutrient-broth culture of E. coli ® was added to each bottle and the cultures 
incubated at 35° to 37° C. for 7 days with very vigorous aeration. A pH 
and turbidimetric determination was made on the contents of each bottle, 
and growth was also checked by direct smear and culture on nutrient agar 
plates. 

In the earlier batches, the bacteria were grown in a medium of initial 
pH 7.0, as compared with 7.5 for the medium herein described. At the 
lower pH, the yields of final product were generally lower and in some 
cases dark brown in color. Vigorous aeration was also found to be essen- 
tial for an optimum yield of the hemorrhagic agent. 


ISOLATION OF THE HEMORRHAGIC AGENT 


The 21 liters of the 7-day culture were concentrated under diminished 
pressure in a cyclic still to 3 liters, and the concentrate then clarified in a 


¢ The strain of E. coli used in this investigation was isolated about 15 years ago. Dr. William Burrows of the 
University of Chicago examined a culture of this strain in 1945, and reported that it was a slow lactose fermenter 
and atypical in other respects and could be called a para colon intermediate variety. 
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Sharples supercentrifuge. This order of operations was found to result 
in higher yields of active material, presumably because of autolysis and 
cell disruption during concentration and consequent liberation of active 
material into the medium. The bacterial debris was lyophilized and 
stored for future investigation. The clear supernatant liquid was reduced 
in volume to 800 ml., by evaporation under reduced pressure in a cyclic 
still, and allowed to stand overnight at 5° C. The copious crop of crystals 
so obtained was removed by filtration, and the filtrate dialyzed in the 
cold against tap water for 1 week. After dialysis, the solution was electro- 
dialyzed in the apparatus described by Holzman and Niemann (13) until 
only a negligible amount of current passed through the solution. During 
this operation, the pH of the solution dropped to 2-3 and a precipitate 
formed. After electrodialysis the solution was centrifuged at 17,000 
r.p.m. (36,000 G) for half an hour. The resulting clear supernatant 
liquid was frozen and lyophilized to give the crude active preparation 
(fraction A,), a light-brown, fluffy solid, in amounts averaging about 3.5 
gm. per 21 liters of medium. The precipitate from the centrifugation 
(fraction A,) generally amounted to about 1 gm. 

Purification by ethanol fractionation.—After it was established by pre- 
liminary experiments that most of the active material was precipitated 
from an aqueous solution by the addition of ethanol, within a rather nar- 
row range of ethanol concentrations, the following procedure was adopted 
for purifying the active hemorrhagic agent. To a 2.5 percent solution of 
the crude active material (fraction A,) in water, 95 percent ethanol was 
added slowly and with vigorous stirring. After 1.1 volumes of ethanol 
had been added, the solution was centrifuged to remove any insoluble ma- 
terial. To the supernatant liquid an additional 0.4 volume of ethanol 
was added, whereupon a copious flocculent precipitate was formed. This 
precipitate was collected by centrifugation, washed with 95-percent 
ethanol, then with acetone, and finally dried in vacuo at 25° C. The ac- 
tive agent was thus obtained as a white amorphous powder (fraction B;) 
in yields of 49 to 82 percent (average circa 70 percent) from fraction Aj. 
The clear, light-brown, supernatant liquid, remaining after the collection 
of fraction B, and from which no additional material was precipitated 
upon the further addition of 95 percent ethanol, was concentrated under 
reduced pressure at 40° C. and lyophilized to give a light-brown, fluffy 
solid (fraction B,), which on long standing often slowly turned into a 
black tar. 


PROPERTIES OF THE MOUSE TUMOR HEMORRHAGIC AGENT 
(FRACTION B;) 


Analytical data relating to fraction B, are given in table 1. 

Fraction B, dissolves in water to give a turbid solution that becomes 
clear upon the addition of sodium hydroxide. On the addition of glacial 
acetic acid to an aqueous solution of fraction B,, the material is precipi- 
tated between 89 and 91 percent (v/v) of acetic acid. Fraction B, dis- 
solves readily in formamide from which it is precipitated, by the addition 
of ethanol, between 55 and 60 percent (v/v) ethanol. Electrometric 
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TABLE 1.—Analytical data on the mouse tumor hemorrhagic agent (fraction B,) 





CN sin cicacncaccnactmneensesedeeaaseeneanamiataenn 45.3 percent. 
IN ic a esi pep RS dc alg TS ME Ta a 7.7 percent. 
NS a cin one samen aaa aaa eee eee 3.2 percent. 
EE Ae ee ae *1.5-1.7 percent. 
Do enccanneaaeheses enkeumeenatesreeeeeeaanakasnues Trace. 
a ee ee ee ee ee 5.1 percent. 
ee eer Pe ees *52-55 percent. 
EET PAE A Ce *15-17 percent. 
pe er Se ae eee eae *1.3—-1.5 percent. 
SE NG See ee ee ene ene *+76-+ 83°. 
MRI NR oo an ene tha aan amine cme e ie 24-25 percent. 
Homorrmngic activity, 7/mouse....... 26.22. cose ence cnc eee *0.05—0.025. 





*Most of the values for different fraction B; preparations fall within this range. 


titration of fraction B, with 0.01 N sodium hydroxide showed no inflection 
in the titration curve between pH 3.7 and pH 10.7. 

Fraction B, gave a negative biuret test, a doubtful Millon test, a 
negative Sakaguchi test for arginine, a negative diazotized sulfanilic-acid 
test for histidine, and a weak positive test with Folin-Ciocalteu phenol 
reagent (7). After hydrolysis of fraction B, with hydrochloric acid and 
paper chromatography, a number of faint ninhydrin-positive spots were 
obtained. 

The presence of tyrosine in fraction B,; was indicated by the ultra- 
violet-absorption spectra of neutral and basic solutions of this fraction 
(text-fig. 1). Tyrosine in basic solutions (pH>12) exhibits a principal 
peak at 242 my and a minor peak at 293 my whereas in solutions of 
pH<S8 the respective maxima are located at 223 my and 275 my (12). 
The general increased absorption of fraction B, in water, over that in 
aqueous sodium hydroxide, is probably due to the slight turbidity of the 
aqueous solution. 

Hydrolysis of the hemorrhagic agent with 2 N sulfuric acid at 100°C. 
gave a considerable amount of insoluble material, the greater part of 
which was soluble in chloroform. The chloroform extractives obtained 
from this hydrolysate amounted to about 24 percent of fraction B,, 
whereas before hydrolysis a negligible amount of material was extracted 
by chloroform. Upon concentration of the chloroform extract, and the 
addition of acetone, the greater portion of the extract was obtained as an 
amorphous phosphorus-containing powder (circa 19 percent of fraction 
B,) ranging in color from light yellow to light brown. In respect to 
solubility characteristics, this phosphorus-containing material resembled 
a phosphatide in that it was readily soluble in chloroform, benzene, and 
ligroin; somewhat soluble in ether; and insoluble in acetone, ethanol, and 
water. 


CLEAVAGE OF THE HEMORRHAGIC AGENT (FRACTION B,) WITH 
TRICHLORACETIC ACID 


It was found, in preliminary experiments, that by treatment of fraction 
B, with a high concentration of trichloracetic acid an inactive polypeptide 
and an active lipo-polysaccharide could be obtained. To a 2 percent 
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TEX1-FIGURE 1.—Ultraviolet-absorption spectra of solutions of fraction B,;. Solid 
line, in 0.1 N aqueous sodium hydroxide; dotted line, in water. 


solution of fraction B,, in water at room temperature, an equal volume of 
50 percent (w/w) aqueous trichloracetic acid was added slowly and with 
stirring. A flocculent precipitate formed (if the operation is conducted 
at ice-bath temperature, no such separation occurs) which was collected 
by centrifugation, washed with ethanol, then with acetone, and finally 
dried in vacuo at 25°C. to give fraction C;. To the slightly turbid super- 
natant liquid, an equal volume of 95 percent ethanol was added, slowly 
and with stirring, whereupon a gummy precipitate was formed. This 
precipitate was collected and, upon trituration and washing with 95 percent 


ethanol, was recovered in the form of a fluffy white powder. This material 


was further washed with acetone and dried in vacuo at 25°C. to give fraction 
C., which is the main fraction contained in the supernatant liquid. The 
further addition of 95 percent ethanol to the supernatant liquid remaining 
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after precipitation of fraction C, caused no additional precipitation, and 
thorough dialysis of this latter solution and subsequent lyophilization 
gave fraction C;. Analytical data relating to the fractions obtained from 
the trichloracetic acid treatment of fraction B, are given in table 2. 


TABLE 2.—Analytical data on the fractions obtained by the treatment of fraction B, 
with trichloracetic acid 








Fraction Ci C2 C3 
Yield from fraction B,, percent......_...---| 9-12___---- 55-70____-- 10-14. 
Phempnereas, peveent......... . sae n noe 1 0.1-0.3_---- L4-4.7..... | 1.7. 
ee : : ore 
Glucose, equivalent percent__..........----]------------ 63-65 -_---- 35-38. 
Glucosamine, equivalent percent -_...-.-.--|..---------- i See 
Tyrosine, equivalent percent_______-_------ 9.4-13.7._.-| -0.1-0.3___-- 0.7-1.2. 
SE BE, DION no cree cnncascncncdinenswweesu es 21-—25.....- 45-55. 
SEMIS REE HOFUEN ieee rc ccciccnwndtsntewsamnweenen 0.05 y...--- 














Fraction C, was obtained as a light-brown resin, insoluble in water and 
acids, but soluble in aqueous sodium hydroxide. It gave a positive biuret 
test, a deep-blue color with Folin-Ciocalteu phenol reagent, and upon 
hydrolysis and paper chromatography with phenol, gave a number of 
ninhydrin-positive spots. Fraction C, exhibited a much stronger tyrosine 
type of ultraviolet-absorption spectrum than did fraction B, (ef. text- 
fig. 2). 

The principal active fraction (C,) was recovered as a white amorphous 
powder, less soluble in water than fraction B,, and did not give a clear 
solution in sodium hydroxide. When an aqueous unhydrolyzed solution 
of fraction C, was extracted with chloroform, no detectable amount of 
material was removed by the solvent. 


DISCUSSION 


When this investigation on the nature of the mouse tumor hemorrhagic 
agent from E. coli was reopened in 1948, after a lapse of 5 years, consider- 
able difficulty was encountered in the bioassay in that consistent hemor- 
rhages could not be obtained even with as high dosages as 100 y per mouse. 
In addition, the percentage of takes of the transplanted tumors was low 
and the spontaneous tumor regression rate high. All these difficulties 
have been overcome and, at the present time, hemorrhagic reactions are 
consistently observed with small dosages, 7. e., < 1 y of the active agent. 
It appears as though a satisfactory host-tumor relationship must be estab- 
lished in order to attain a proper sensitivity to the bacterial product. 
Several typical assays of the crude active material (fraction A,) are given 
in table 3. 

These results indicate that fraction A, from batch No. 68 was active at 
approximately 0.25 y, since it gave 5 hemorrhagic reactions out of 10 mice 
treated on one occasion, and 7 out of 10 on another, and that fraction A, 
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TEXT-FIGURE 2.—Ultraviolet-absorption spectrum of fraction C,; in 0.1 N aqueous 


sodium hydroxide. 


TABLE 3.—Activity of several A; fractions 
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from batch No. 75 had about the same order of activity.’ The material 
after ethanol purification (fraction B,) was active at levels of 0.05 to 0.025 
y. That its activity is of the same order as that of the starting material 
(fraction A,) is not surprising, since it was obtained in high yield from 
fraction A. 

Treatment of the active agent (fraction B,) with a high concentration 
of trichloracetic acid causes alterations that shed some light on the chemical 
nature of the hemorrhagic substance and of the moieties essential for ac- 
tivity. That the polypeptide fraction (C,), which is precipitated during 
the trichloracetic acid treatment, is actually a bonded moiety and is not 
a persistent impurity is indicated by the following considerations: (a) ap- 
proximate constancy of the equivalent percent tyrosine content of differ- 
ent fraction B, preparations; (b) approximate constancy of the amount of 
fraction C, obtained by the trichloracetic acid treatment of different 
fraction B, preparations; (c) failure of the separation of fraction C, to take 
place if the operation is conducted in the cold; (d) absence of a fast-moving, 
minor component during electrophoresis at pH 8.45 of fraction B, (14); 
and (e) the decreased solubility of fraction C, in water and dilute sodium 
hydroxide. Although approximately 90 percent of the equivalent tyro- 
sine was removed from fraction B, by the trichloracetic acid treatment, 
the remaining material, fraction C2, was still a potent tumor hemorrhagic 
agent. It would appear, therefore, that the peptide fragment is not es- 
sential for this activity. Changes other than the cleavage of the poly- 
peptide fraction seem also to have taken place, since fraction C3, remaining 
in solution after the precipitation of fraction C,, was found to have a 
higher lipid and a lower carbohydrate content than fraction C,. The 
nature of this phenomenon is not as yet understood. 

It may be concluded that the active mouse tumor hemorrhagic agent, 
as isolated (fraction B,), is a complex polysaccharide containing a poly- 
peptide and a phospholipid component and is similar in this respect to 
the somatic antigenic complexes of such microorganisms as Salmonella 
typhimurium (Bact. typhimurium) (15), Bact. dysenteriae (Shiga) (16), 
and Bact. typhosum (17). That the hemorrhagic agent from Serratia 
marcescens (B. prodigiosus) also contains a polypeptide component, and 
is thus of similar nature, can be inferred from the fact that it gives tests 
for amino acids on hydrolysis (6). 

Preliminary experiments with the ultracentrifuge (14) have shown that 
the active fraction B, is quite heterogeneous as to particle size. By 
fractional centrifugation of fraction B, in a preparative high-speed 
centrifuge, a light and a heavy fraction were obtained. These two frac- 
tions proved to be equally active at levels of 0.05 y. It appears likely, 


1 A preparation of the crude hemorrhagic agent (batch No. XV), which had been prepared in 1942 and stored 
for 7 years in a dry state at room temperature in a tightly stoppered bottle, was re-assayed in 1949. This material 
which in 1942 had given consistent hemorrhagic reactions at 2 y and had shown some activity at 0.75 y, on retesting 
produced 9 hemorrhagic reactions out of 10 mice injected at a dosage of ly. It would thus appear that there had 
been no appreciable loss of activity during the above storage period. A preparation (No. P-25) from B. prodigiosus, 
furnished us by Dr. M. J. Shear of the National Cancer Institute and reported by him to be highly active in mice 
bearing sarcoma 37 gave 10 hemorrhagic reactions out of 10 mice injected with a dose of 1 +. 
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therefore, that hemorrhagic activity is not restricted to a particular 
particle size, and that the active agent may be present in varying degrees 
of aggregation. 

SUMMARY 


It has been found that the agent present in cultures of E. coli which 
produces a hemorrhagic response in, and causes the regression of, the 
experimental mouse sarcoma 180, is a complex polysaccharide containing 
both a peptide and phospholipid component. By treatment with tri- 
chloracetic acid, the peptide component can be largely removed leaving 
an active lipo-polysaccharide, which was isolated as an amorphous white 
powder. 
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Test for a Maternal Influence in the 
Development of Mammary Gland Tu- 
mors in Agent-Free Strain C3Hb Mice! 


W. E. Heston and MarcGaret K. Derincer, National 
Cancer Institute,? Bethesda, Md. 


A line of strain C3H mice in which mammary gland tumors occur with 
a relatively high frequency in the absence of the mammary tumor agent 
has been developed in this laboratory. This line has been described as 
arising from a litter born of a high-mammary tumor strain C3H mother 
by Caesarean section and foster-nursed upon a low-mammary tumor 
strain C57BL foster mother. It has been designated as strain C3Hb (1). 

The mere occurrence of tumors in this strain in the absence of the 
agent was not particularly remarkable. Tumors have occurred sponta- 
neously with low frequency in other situations in which the agent could 
not be expected to be present (2-8), and with a higher frequency after 
treatment with chemical carcinogens (9-11) and radiation (1/2). What 
was remarkable, however, was the relatively high incidence of 38 percent 
with mammary gland tumors in the breeding females of this strain with- 
out treatment. It should be emphasized that these females had many 
litters, a factor which throughout these discussions is termed a strong 
breeding factor. Tests of filtrates of these mammary tumors failed to 
give evidence of the presence of the mammary tumor agent. Further- 
more, through successive generations the females with tumors were scat- 
tered throughout the pedigree chart, rather than appearing in segregated 
high-tumor sublines as one could expect if the agent were present in some 
of the females. It was, therefore, concluded that these tumors were prob- 
ably the result of the genotype of this strain, together with a strong breed- 
ing factor, in the absence of the agent. 

As a further test for the agent in the etiology of the tumors of strain 
C3Hb, reciprocal crosses have been made between this strain and strain 
C57BL. It was by means of such reciprocal hybridization that the ma- 
ternal influence, later identified as the mammary tumor agent or milk 
agent, was first revealed (13-15). It was considered that this reciprocal 
hybridization would constitute one of the best tests for the presence of 
the agent in strain C3Hb, and would have the added advantage of reveal- 
ing the presence of any other maternal influence that might be involved. 


1 Received for publication April 22, 1952. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 
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Results of these crosses, reported herein, failed to give evidence of the 
agent or any other maternal influence in the development of mammary 
tumors in strain C3Hb. 


PARENT STRAINS 


As reported earlier (1), the incidence of mammary tumors in strain 
C3Hb breeding females was 38 percent, with an average tumor age of 20 
months. It should be emphasized that these females were subjected to 
a strong breeding factor in that they had many litters. Subsequently, 
the incidence in virgin C3Hb females has been tabulated. This, in con- 
trast, is low. Of 100 C3Hb females set aside as virgins, only 2 developed 
mammary tumors and these appeared at an average age of 22 months. 
The remaining 98 died without mammary tumors at an average age of 
19.9 months (table 1). 


TABLE 1.—Occurrence of mammary gland tumors in inbred strains with and without the 
mammary tumor agent and in reciprocal F; hybrids without the agent 











Tumorous | Nontumorous 
. - | 

Strain or F, hybrid Number Average | | Average 

Percent age | Percent age 
eee jomemena) 
i Ea ERE 419 97 7.8 3 6. 9 
ES EE es 46 100 10. 6 __ 4 Sees 
ES ee 198 _)} =e 100 13. 8 
Se TRING) «occ ccccncccenwscs 188 38 20. 3 62 18.3 
RSS Ee 100 2 22 98 19. 9 
(C3Hb X B) F;, (breeders) ___------ 93 8 25 92 26.7 
(B X C3Hb) F; (breeders) -_------- 89 7 22 93 26. 8 




















Other tumors that occurred in this group of virgin C3Hb females are 
listed in table 2. Of particular interest in these data were the relatively 
high incidences of hepatomas and ovarian tumors and the occurrence of a 
bladder tumor and a granular myoblastoma, either of which are rarely 
found in untreated mice. Aside from these rare tumors, the list is simi- 
lar to that reported for the breeding C3Hb females (1). 

Strain C57BL is a well-known low-mammary tumor strain that pre- 
sumably does not have the mammary tumor agent. No mammary 
tumors have been observed in our colony of this strain. 


RESULTS OF RECIPROCAL HYBRIDIZATION 


Ninety-three (C3Hb X B) F, females were produced from matings of 
C3Hb females and C57BL males, and, at the same time, 89 (B * C3Hb) 
F, females were produced from matings of C57BL females and C3Hb 
males. At 4 weeks of age, these females were weaned, individually identi- 
fied, and mated to littermate males or other males of the same reciprocal 
hybrid type. Five females were placed with one male in each breeding 
cage. Each female reared 6 litters, with the exception of 4 (C3Hb X B) 











TEST FOR MATERNAL INFLUENCE IN AGENT-FREE MICE 169 


TABLE 2.— Neoplasms occurring in 100 C3Hb virgin females 








Average 
Number 
Type : tumor age 
with tumor (months) 
IT SN I ais ik ici nenwsimeseennewee 2 22 
I ee i ricatadscunkwneatiesadeaeants 3 24. 6 
Lesion of thymus (uneinesified).......................<...- 1 22 
acne auget pom ae eames 3 24. 6 
INL... bin okahine eae nea eane nee 2 24.5 
I SENN rin oedamadnedausensdemucaneed 3 23. 6 
Rk cree ce aanceeasntseeee sea ce annus eeceuors 17 23. 8 
I Ue i nnnowascinesacumeeeaesaawe 10 23 
EE Perey eee ete ny ae eeneen, See Perera rCRe 8 23 
ce ee ee eee rare me 2 21 
See ire BNI, ooo noe in ie cokes awd ewdbeweuus 3 22 
PE SUNNOE 00 BENIN oo ok cere cectecusccuscccus 1 25 
ed scsi asi ed carer een eae 1 23 
CIE CIID a oo ice cece ca endeiencetunncee 1 24 











F, females and 1 (B  C3Hb) F; female that stopped breeding after the 
fifth litter, and 3 (B * C3Hb) F, females each of which had 7 litters. The 
routine procedure of isolating the female when she was found to be preg- 
nant and returning her to the male when her litter was weaned, was em- 
ployed with these hybrid females. After the females had reared the de- 
sired number of litters, or, in the case of the 5, had ceased breeding, they 
were separated from the males and set aside in cages with 8 females to each 
cage. 

Throughout the experiment the animals were fed Derwood pellets and 
were given an unlimited supply of tap water. In the early part of the 
experiment they were kept in wooden cages, but during the latter part 
after the breeding period they were kept in plastic cages with stainless 
steel lids. 

This was a very satisfying experiment in that the animals remained 
healthy and lived to a very old average age. They were observed regu- 
larly and each tumor was recorded when it appeared. Each animal was 
killed and examined when it became moribund from the tumor or some 
other cause. A few were found dead and these also were examined. The 
tumors were fixed in Tellyesniczky’s fluid (70-percent ethyl alcohol, 20 
parts; formalin, 2 parts; glacial acetic acid, 1 part). They were mounted 
in paraffin, sectioned, and stained with hematoxylin and eosin.® 

Any maternal influence in the development of the tumors in strain 
C3Hb would have been expected to reveal itself in a higher incidence of 
mammary tumors in the (C3Hb X B) F; females with C3Hb mothers 
than in the (B X C3Hb) F, females with C57BL mothers. However, 
the two groups were practically identical (table 1). Of the 93 (C3Hb x B) 
F, females, 7 developed mammary gland tumors at an average age of 
25 months, the remaining 86 living to an average age of 26.7 months. 
Of the 89 (B « C3Hb) F, females, 6 developed mammary gland tumors 


3 The authors gratefully acknowledge the assistance of Dr. Thelma B. Dunn, Pathologist, National Cancer 
Institute, in the final diagnosis of these tumors. 
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at an average age of 22 months, the remaining 83 living to an average 
age of 26.8 months. Thus, there was no evidence of any maternal in- 
fluence in the development of these mammary gland tumors. 

The histologic types, represented by the mammary tumors of these 
old hybrid females, are listed in table 3 according to the classification 
employed by Dunn (16) and Andervont and Dunn (6). Only one was 
an adenocarcinoma of type A with typical adenoid arrangement. Two 
others were adenocarcinomas of type B, in which the cells tend to occur 
in cords or sheets rather than definite acini. Three were classified as 
adenoacanthomas, characterized by areas of squamous metaplasia with 
keratinized pearl formation, and the remaining seven were adenocarcino- 
mas of type C characterized by multiple cysts lined by a single layer of 
cuboidal epithelial cells and with an abundance of stroma. Failure of 
the stroma to take the van Gieson stain for collagen suggests, as Dr. 
Dunn (16) has indicated, that the fusiform stromal cells may have their 
origin in muscle. These histologic types were distributed between the 
reciprocal hybrid groups. 


TaBLeE 3.—Mammary gland tumors appearing in hybrid females 











(C3Hb X B) Fi (B X C3Hb) F; 
Tumor age T f Tumor age 
Type of tumor (months) ype of tumor (months) 
Adenoacanthoma (keratinized). 15 || Adenocarcinoma (type A)-_--- 13 
Adenocarcinoma (type B)---- 23 || Adenoacanthoma (keratinized). 21 
Adenocarcinoma (type C)---- 24 || Adenocarcinoma (type B)---- 21 
” Pe 26 || Adenocarcinoma (type C)_-__. 22 
" ae 28 || Adenoacanthoma (keratinized)- 27 
“ “ae f= Adenocarcinoma (type C).__- 28 
“ce “c WF 0 

















Other tumors occurring in these reciprocal hybrids are listed in table 4. 
Of relatively high frequency were the neoplasms of the blood-forming 
organs most of which were reticulum-cell sarcomas and Hodgkin’s-like 
lesions as classified by Dunn (17). Also of interest, were the tumors of 
the Harderian gland found in 7 females. In general, this is a rare tumor 
of the mouse, but it occurs relatively frequently in hybrids between 
strains C3H and C57BL. The most unusual tumor of the group, how- 
ever, was the teratoma of the ovary found in a (B xX C3Hb) F, female 
18 months of age. This was a large tumor measuring 25 mm. X 30 mm., 
and on sectioning was found to contain a multitude of tissue types. 


DISCUSSION 


In consideration of the 38-percent incidence of mammary gland tumors 
in the breeding strain C3Hb females, it would be expected that if the 
mammary tumor agent were present, the F, females with C3Hb mothers 
would have had a higher incidence of mammary tumors than would those 
with the C57BL mothers. Such results would have been expected also, 
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TABLE 4.—Neoplasms occurring in the 93 (C3HbX B) F, females and in the 89 (B X 
C3Hb) F; females 

















(C3HbXB) F; (BXC3Hb) F, 
Type Average Average 
Number age Number age 
(months) (months) 
Mammary gland tumor___-_--__----} 7 25 6 22 
Lymphocytic leukemia_--_-_-_-_---- 2 27 4 26 
Reticulum-cell sarcoma___---___----- 4 28.3 11 25. 9 
Hodgkin’s-like lesion_-_-.-._.------ 11 27. 4 6 29. 3 
Lesion of reticuloendothelial system 
I ora nk 1 33 1 31 
Lymphoid hyperplasia____...------- 2 a Serene: eee ee 
Mesenteric disease ..........-..----| 12 27.4 9 30. 7 
Leukemia (unclassified because of | 
post-mortem changes) ------------ 3 Be SER sese. Saar er 
Hemangio-endothelioma____-___---- 8 29. 4 6 29. 5 
Subcutaneous sarcoma___.---.------ 2 29 5 26. 8 
SS a eee 11 30 6 27.5 
Ne No occ ecad | 4 27.8 12 27. 6 
a 1 32 3 25. 7 
Sk, ar EER Napa a 1 30 
Tumor of uterine wall_____.-------- 1 29 1 30 
Endometrial hyperplasia (possible 
WII 6 oc ee ee ee a 1 i Spee Seen eee 
Carcinoma of cervical area (origin 
a RRE, SAE ao oa eae nee ae 1 S.. Bessc sete oeewn oak 
Harderian gland tumor____...---_-- 5 25. 2 2 24 
po fae | Gia kudsexeebemkina ieee 1 18 














if there had been any other maternal influence involved. The fact that 
the hybrid females with the C3Hb mothers did not have a significantly 
greater number of mammary tumors than did those with the C57BL 
mothers supports the original interpretation that the relatively high 
incidence on the strain C3Hb was the result of the genotype of the strain, 
together with a strong breeding factor in the absence of the agent. 

The occurrence of mammary tumors in agent-free strain C3Hb females 
is comparable in some respects with the occurrence of spontaneous tumors 
reported by Littau and Black (18) in a clone of sweet clover free of wound- 
tumor virus but genetically highly susceptible to the virus. The authors 
describe these tumors as histologically different from the virus-induced 
tumors, rather than representing a different proportion of histologic types 
as was found in the comparison of the mammary tumors of strain C3Hb 
and those associated with the mammary tumor agent. 

It is to be noted, however, that the incidence of mammary gland tumors 
in the F, hybrid groups was significantly below that of the strain C3Hb, 
although, like the C3Hb females, the F, groups were bred intensively. 
In view of the fact that there has been reported (8, 19), in certain situations 
in which the mammary tumor agent was present, an increase in occurrence 
of mammary tumors of females from late litters over that of females from 
early litters, the possibility that the lower incidence in the (C3HbXB) 
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F, females was the result of their being from the first to third litters was 
considered. Analysis of the occurrence of the tumors in the strain C3Hb 
females with respect to litter seriation, however, failed to support this 
possibility. The results presented in table 5 show that the incidence of 
mammary tumors in the females from first litters was identical with the 
over-all incidence (table 1). The highest incidence occurred in females 
from second litters, except for that in females from sixth and from seventh 
litters in which the numbers were too small for significance. Females 
from first to third litters had more tumors than did those from fourth to 
seventh litters, the difference being significant at the 2-percent level. 
Increase in concentration of the agent, with increased time, would seem 
to be a proper explanation of the higher incidence reported in females from 
later litters where the agent was present. Thus, failure to get an increase 
in incidence of tumors in females from later C3Hb litters would be in line 


TABLE 5.—Incidence of mammary tumors in C3Hb breeding females segregated in respect 
to litter in which each occurred 








‘ Number Percent 
Litter number females with tumors 
a a a a a er aa 56 | 38 
| Ee ee Sree een ce eee ee ae eee ee 36 | 50 
On aes aks ot ace aie a lala eilanaciaatubeinni nha aneteupeoaaniaal 43 42 
I ie ae eae eee eg ee ee ee Oe 26 | 19 
a a a a la at 17 | 18 
Ts cen tice nih data tations telat sapiaahaidin amie mas aeiaaitte dee 4 | 50 
a ihc a ll a an a Aaa as rae cae rae ta 3 | 67 





with the evidence against the presence of the agent in strain C3Hb. 
Explanation of the lower incidence among C3Hb females from later 
litters, however, is not apparent. They did not live longer. 

It can be concluded, therefore, that the reduction of incidence of mam- 
mary tumors from the 38 percent of the strain C3Hb bred intensively, to 
the 7 and 8 percent in the F, hybrid groups also bred intensively, indicates 
that the genotype resulting from the outcross to the resistant strain 
C57BL was not as potent in the production of mammary tumors as was 
that «i the C3Hb. It was, however, stronger than that of strain C57BL. 
This result could be expected when there are multuple genetic factors 
involved, one or more of which are dominant and one or more recessive, 
or one or more of which show no dominance. 

Mammary tumors of the mouse have been described as the result of 
multiple genetic and nongenetic factors, the tumor appearing when the 
combined effect of genetic and nongenetic factors surpasses a physiologic 
threshold (20). The effect of specific factors against a certain background 
and the variation in measurable effect of specific factors with variations in 
background have been discussed. It is interesting to note that, whereas 
in the presence of the agent, F, hybrids resulting from outcrossing high- 
tumor strains usually have incidences of mammary tumors comparable 
with that of the high-tumor parent strain, although the tumor age may be 
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increased (2/)—on the other hand, in the absence of the agent in strain 
C3Hb, the mammary tumor response is lowered to a medium level at 
which variation in incidence, resulting from varying the genotype by out- 
crossing to a low-tumor strain, is discernible. Thus, in the absence of 
the mammary tumor agent a more accurate picture of the nature of genes 
involved is presented. The genes acting in this situation, however, may 
not include those that control the propagation of the mammary tumor 
agent. 

The effect of the breeding factor is also prominent against the back- 
ground supplied by C3Hb without the agent. The difference is between 
the 2-percent incidence of the virgin females and the 38-percent incidence 
of those bred intensively. The 2-percent incidence compares favorably 
with the 4-percent incidence published previously for virgin C3Hb females 
foster-nursed upon strain C57BL females (1). 

The histologic pattern of the mammary gland tumors of these F,; females 
and the apparent correlation of histologic type with age should be noted. 
Only one tumor could be classified as an adenocarcinoma of type A, the 
type most frequently found in the high-tumor strains with the mammary 
tumor agent. This tumor arose in a female 13 months of age, the youngest 
age at which any of these tumors arose. Two others were classified as 
adenocarcinomas of type B, the other type frequently seen in high-tumor 
strains in the presence of the agent. There were three adenoacanthomas, 
a type that occurred rather frequently in the old C3Hb breeding females. 
It appears that this type is characteristic of old females, except in groups 
that have received a carcinogen, in which it may appear earlier. This 
type is rare in the high-tumor strains with the agent, but it does occur 
occasionally in older females. 

The larger portion of the mammary tumors of these hybrid females were 
adenocarcinomas of type C. These occurred in females from 22 to 30 
months of age. This is an extremely rare tumor of the high-tumor strains 
with the milk agent, but females of these strains seldom live to such ad- 
vanced age. In rechecking the series of 82 mammary tumors of the strain 
C3Hb females without the agent, only one could be classified as type C 
following the van Gieson stain, and in it only certain areas were typical of 
type C. Andervont and Dunn (6) report this type as occurring rather 
frequently in a group of tumors of old hybrids resulting from outcrossing 
strain C3H to BALB/c or C. 

The apparent correlation between age of animal with type of neoplasm 
of the blood-forming organs is similarly of interest. These neoplasms 
occurred rather frequently in these hybrid females showing a definite 
increase over the incidence in either the virgin or breeding strain C3Hb 
females. This was apparently the effect of the parent, strain C57BL in 
which there has been reported (22) an incidence of approximately 15- 
percent nonepithelial tumors most of which were classified as lympho- 
blastomas. In these old F, females, the proportion of neoplasms of this 
group classified as lymphocytic leukemia, the type occurring most fre- 
quently in younger mice of the high-leukemia strains, was low. The 
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predominant types in these old animals were reticulum-cell sarcomas and 
Hodgkin’s-like lesions. The occurrence of these two types in a genetically 
homogeneous group presents the possibility of some genetic relationship. 


SUMMARY 


There was no difference in the occurrence of mammary tumors in recip- 
rocal hybrids between strain C3Hb, the breeding females of which have 
an incidence of 38 percent, and strain C57BL in which no mammary 
tumors have occurred in this laboratory. Thus, there was no evidence 
of a maternal influence in the etiology of the tumors of strain C3Hb. 

The occurrence in (C3Hb X B) F, and (B X C3Hb) F, females of an 
incidence of mammary gland tumors intermediate between that of the 
parent strains C3Hb and C57BL indicates that these two strains differ 
by more than one gene controlling mammary tumor development, at least 
one of which is dominant and one recessive or there is no dominance. 

The tumors occurring in the (B X C3Hb) F; and (C3Hb X B) F, 
females arose at a very advanced age and most of them were of histologic 
types rarely found in high-tumor strains with the mammary tumor agent. 

An incidence of 2-percent mammary tumors was recorded in virgin C3Hb 
females, as contrasted with 38 percent previously reported in breeders. 
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Further Studies on the Proliferation 
in Vitro of Single Isolated Tissue Cells! 
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Witton R. Ear.ez, Laboratory of Biology, National Cancer 
Institute? Bethesda, Md. 


Methods have been described by which an isolated tissue cell of Earle’s 
strain L (1) was grown in vitro to a pure culture (2). This pure culture 
has been maintained for over 2 years and now is grown routinely in the 
T-60 type flask, a design with a floor area of 60 sq. cm. (3). Growth of 
the cells is sufficiently rapid to require transplantation of the cultures 
every 7 to 14 days. 

By the application of similar methods, attempts have been made to 
obtain pure cell strains from cultures of embryonic chick heart, chicken 
subcutaneous areolar connective tissue, mouse subcutaneous adipose tissue, 
mouse skeletal muscle tissue, mouse liver tissue, and Cloudman mouse 
melanoma S91A tissue. The results of these experiments are summarized 
in the present study. 


MATERIALS AND METHODS 


Source of cells.—Ten strains of cells were used (table 1). Strains of 
chicken fibroblasts were derived from 9-day embryonic chick heart 
(strains 1013 and 1020) and from the subcutaneous areolar connective 
tissue of the thigh joint of adult hens (strains 1336 and 1391). Strains of 
fibroblasts were derived from skeletal muscle tissue of the abdominal wall 
(strains 275 and 281) and from adipose tissue of the lateral subcutaneous 
fat pads (strains 1004 and 1293) of strain C3H mice. Cultures from 3 of 
these strains of mouse fibroblasts (strains 275, 281, and 1004) were known 
to produce sarcomas when injected into mice (4). A strain of liver cells 
(strain 721) originated from a 48-hour-old mouse of strain C3H (5). A 
series of cultures (strain 401) was grown from Cloudman amelanotic 
melanoma tissue explanted from a strain C mouse (6). 

All tissues were dissected, cut into strips (7) approximately 1 X 3 X 10 
mm., and each culture was planted with 1 or 2 strip explants placed under 
#0C perforated cellophane (8) in a Carrel D-3.5 flask. The culture 
procedures have been described (9). 

Procedure for single cell isolation and growth——The methods used for 
cell isolation and growth were essentially the same as those previously 


! Received for publication April 25, 1952. 
? National Institutes of Health, Public Health Service, Federal Security Agency. 
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described (2). Single cells were no longer isolated under a dissecting 
microscope but were drawn into capillary pipettes from a sieved cell 
suspension. In the preparation of the cell suspension, the cells of the 
culture were scraped from the cellophane substrate in a volume of 2 ml. 
of culture fluid and were sieved through 80-mesh platinum-rhodium gauze 
(90% platinum, 10% rhodium) which had a wire diameter of .003 inch. 

Four types of fluid culture media were used; not every type, however, 
was used for each cell strain. The first type, designated as normal me- 
dium, consisted of 40% horse serum, 40% balanced saline, and 20% 1:1 
chick-embryo extract (1, 2). The second type, a cell-free conditioned 
fluid, was prepared as previously described (2); the supernatant fluid was 
withdrawn from both homologous and heterologous cell types. The third 
fluid was normal medium conditioned by the growth of a healthy explant 
of mouse fibroblast tissue implanted in the same flask with the single cell. 
This explant was placed on the floor of the culture vessel as far as possible 
from the capillary segment which contained the single cell. Careful micro- 
scopic examinations were made daily for any migration of cells from the 
explant. The fourth fluid was normal medium which contained filtered 
chick-embryo extract prepared essentially as previously described (10). 
One ml. of fluid medium was supplied to each flask and was renewed three 
times weekly. The pH of the culture fluid was adjusted by flushing each 
flask with a gas mixture of 5 percent CO, in air at a pressure of 2 lbs. per 
sq. in. (11). 

Both in visual microscopic examinations and in photography of the 
single cell cultures, an effort was made to minimize the amount of light 
reaching the cells. 


EXPERIMENTAL RESULTS 


Single cell divisions.—The data from 42 experiments on the division and 
growth of isolated tissue cells are presented in table 1. A total of 1,171 
sealed capillaries were prepared from cell suspensions of 10 strains of cul- 
tures. Of 1,022 capillary segments planted, 179 contained living single 
cells when examined at least 18 hours after planting. Fifty-nine of these 
cells divided, 28 dividing to 2 cells, 26 dividing to give ultimately between 
3 and 10 cells, and 5 dividing to give ultimately more than 10 cells. 

Single cells isolated from cultures of 7 of the 10 strains underwent divi- 
sion; these 7 strains were chicken fibroblasts from 9-day embryonic heart 
(strain 1013) and from subcutaneous areolar connective tissue (strains 1336 
and 1391), mouse fibroblasts from skeletal muscle tissue (strain 275) and 
from subcutaneous adipose tissue (strains 1004 and 1293), and melanoma 
cells from the Cloudman mouse melanoma S914 (strain 401). No single 
cell isolated from cultures of chick-heart fibroblasts (strain 1020), mouse 
skeletal muscle fibroblasts (strain 281), or mouse liver tissue (strain 721) 
was observed to divide. 

Each of 26 single cells isolated from cultures of 5 strains proliferated to 
produce ultimately 3 to 10 cells. Two of the single cells were isolated 
from cultures of melanoma tissue S91A (strain 401), 5 from cultures of 
chicken fibroblasts (strains 1013 and 1336), and 19 from cultures of mouse 
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fibroblasts (strains 1004 and 1293). Five single cells isolated from cul- 
tures of 2 strains divided to produce ultimately more than 10 cells. Two 
of the 5 were isolated from cultures of chicken fibroblasts (strain 1336) and 
continued to grow for 24 and 92 days respectively. The other 3 were iso- 
lated from cultures of mouse fibroblasts (strain 1293); 2 grew for 34 and 
44 days respectively, and the third continued to proliferate to establish a 
pure cell strain. 

Of the 59 single cells that divided, 13 were isolated from tumor-produc- 
ing cultures of mouse fibroblasts (strains 275 and 1004) and from cultures 
of the Cloudman melanoma (strain 401); 46 were isolated from normal 
cultures of chicken fibroblasts (strains 1013, 1336, and 1391) and of 
mouse fibroblasts (strain 1293). 

Establishment of a pure cell strain.—A pure strain of mouse fibroblasts was 
established from a single cell of strain 1293. This strain had been carried 
in vitro for 97 days at the time of cell isolation. The proliferation curve 
of the single cell culture is shown in text-figure 1. During the initial 8 
days after isolation, the proliferating isolated cell was maintained in nor- 
mal medium; careful microscopic examinations were made daily for extra- 
neous cells, and none were observed. After this interval the culture was 
maintained in fluid which contained filtered embryo extract. By the 62nd 
day the culture had proliferated sufficiently to require transplantation. 
Subsequently cultures of this cell strain were established on cellophane 
substrate as well as in plasma clot. This pure strain of mouse fibroblasts, 
designated as strain 1328, now has been maintained in culture for longer 
than 11 months. Its growth is luxuriant, and after transplantation the 
cells cover the floor of a D-3.5 flask as a dense sheet in 7 to 14 days. 
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TEXT-FIGURE 1.—Proliferation curve of single cell that established pure strain 1328. 
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Prior to cell isolation, 10 cultures of this strain 1293 were injected into 
mice; no tumors were produced. During a period of 197 days after cell 
isolation, 26 cultures of the pure strain were injected into mice. Since 
no tumors were produced, there was at this time no evidence that these 
cells were malignant. 

Influence of fluid culture media on single cell division—The types of 
fluid culture media used and the number of single cell divisions that 
occurred in each type are summarized in table 2. Of the 59 single cells 
that divided, 11 were maintained in normal culture fluid, 5 in conditioned 
fluid, 5 in fluid conditioned by growth of a large explant, and 38 in fluid 
containing filtered embryo extract. Division of single cells thus oc- 
curred in all 4 types of culture fluid tested. 

Influence of plasma clot on survival and division of liver cells—Repeated 
attempts were made to establish a pure strain of mouse liver cells from 
strain 721. From a total of 315 capillaries prepared and 177 capillary 
segments planted, only 7 single cells survived, and none of these divided. 
Capillary segments containing small clumps of liver cells were planted and 
observed. Although cells in the clumps appeared healthy and proliferated 
within the capillary, cells that migrated into the chicken plasma clot out- 
side the capillary failed to survive. This observation suggested that 
the plasma clot might be inhibitory to survival of liver cells. 

A study was therefore initiated to compare the survival and prolifera- 
tion of liver cells growing in plasma clot and on cellophane substrates. 
Five dilutions of a sieved suspension of liver cells were used to plant the 
experimental cultures. Four cultures were planted from each dilution; 
2 of these were cellophane-substrate cultures, and 2 were plasma-substrate 
cultures. Cells of the 5 dilutions tested proliferated in all cellophane- 
substrate cultures but failed to survive in any plasma-substrate culture. 
The plasma clot thus proved inhibitory to survival and division of strain 
721 liver cells. 


DISCUSSION 


Single cells isolated from cultures of 7 of the 10 strains tested were 
observed to divide. Of the 3 strains that failed to exhibit single cell 
division, 2 were inadequatély tested, and the third was apparently unable 
to survive in chicken plasma clot. Fibroblasts isolated from cultures of 
chicken subcutaneous areolar connective tissue and of mouse subcutaneous 
adipose tissue proliferated to colonies of more than 10 cells, and one mouse 
fibroblast proliferated to establish a cell strain. In all of these experi- 
ments, however, the percentage of single cells to survive and to divide 
was so low as to indicate that the culture conditions are as yet not favorable 
for single cell growth. 

From studies of single cell growth, Fischer concluded that a normal 
tissue cell is not able to divide and multiply (12). However, in the present 
study, single cells isolated from cultures of normal embryonic chick heart, 
chicken subcutaneous areolar connective tissue, and mouse subcutaneous 
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adipose tissue were observed to divide; and one fibroblast isolated from a 
culture of normal mouse tissue proliferated to establish a pure cell strain. 

In the development of a pure cell strain from Earle’s strain L, pre- 
conditioning of the culture fluid was considered to be essential (2). The 
results of the present experiments indicate that, in at least some instances, 
isolated cells can divide when cultured in normal fluid. 

It has been demonstrated that with 3 cell strains tested, single cells 
can divide in a culture fluid prepared from balanced saline, horse serum, 
and embryo extract, all of which had been sterilized by passage through 
an 03 porosity Selas filter. After the first 8 days in culture, strain 1328 
has been maintained in such a medium for more than 11 months. These 
observations appear to establish that isolated tissue cells can proliferate 
and be maintained in a medium that is filtered in order to eliminate any 
hazard of contamination of the culture by viable tissue cells implanted 
from the medium. 


SUMMARY AND CONCLUSIONS 


Attempts were made to obtain proliferation of single cells from cultures 
of chicken or mouse tissues. Divisions were observed of single cells 
isolated from cultures of embryonic chick heart, chicken subcutaneous 
areolar connective tissue, mouse subcutaneous adipose tissue, mouse 
skeletal muscle tissue, and Cloudman mouse melanoma S91A tissue. 
Divisions were thus observed of cells from both normal and malignant 
tissues. In all of these experiments, however, the percentage of single 
cells that survived and proliferated was so low as to indicate that improve- 
ments in culture conditions and technical methods are necessary for the 
routine preparation of pure strains from isolated single cells. 

Cells isolated from cultures of a strain of mouse liver tissue showed no 
proliferation. Data obtained indicated that chicken plasma clot was a 
major factor interfering with proliferation of cells of this strain. 

Isolated cells were able to proliferate in all types of culture media 
tested; these included culture fluid preconditioned by living cells and cul- 
ture fluid that had not been preconditioned. 

One pure strain of fibroblasts from normal mouse subcutaneous adipose 
tissue was established from a single isolated cell. This strain, designated 
1328, has now been maintained in culture for more than 11 months. 

Observations presented appear to establish that isolated cells can 
proliferate and be maintained in a medium that is filtered in order to 
eliminate any hazard of contamination of the single cell culture by viable 
tissue cells implanted from the medium. 
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A Quantitative Dose-Response Study 
of Lymphoid-Tumor Development in 
Irradiated C57 Black Mice *? 


Henry S. Kapitan and Mary B. Brown, Department of 
Radiology, Stanford University School of Medicine, San 
Francisco, Calif. 


The available literature on experimental lymphoid-tumor induction in 
irradiated mice contains only fragmentary data on the relationship be- 
tween dose and incidence. Sacher and Brues (1) compared the effects of 
daily fractionated irradiation against those of single-dose irradiation and 
found that total cumulative incidence was determined by the size of the 
dose and the fractionation pattern, and that a dose of 400 r given over a 
10-day period was more effective than the same total dose given as a single 
exposure or over a 40-day period. A wide variety of techniques, schedules, 
and doses of irradiation have been employed by other investigators (2, 3). 
These data cannot be pooled, however, to give a comprehensive dose- 
response picture because other known variables, such as genetic con- 
stitution, age, sex, and general environment have not been uniform. 

In 1949, a rather extensive, integrated experiment designed to study the 
influence of alterations in total dose, fractionation, and periodicity of 
irradiation on lymphoid-tumor incidence was undertaken.* In addition to 
providing a reference source for data on the basis of which other experi- 
ments might be planned, it was thought that the results might have 
theoretical significance for the mechanism of induction. Since it was antic- 
ipated that data on initial mortality would also be obtained, it was hoped 
that this experiment might indicate whether the dose-response pattern for 
lymphoid-tumor induction parallels or differs from that of acute radiation 
mortality. 

EXPERIMENTAL PROCEDURE 


A total of 1,753 C57 black mice of both sexes, aged 33+-3 days at the 
start of irradiation, was used. Whole litters of 3 to 8 mice were weaned at 


! Received for publication April 29, 1952. 

3 This investigation was supported by a grant from the National Cancer Institute, National Institutes of Health, 
U. 8. Public Health Service. 
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in the application of the probit method to the experimental data. 

4 Breeder animals of the Yale subline of this strain were originally obtained through the generosity of Dr. Leonell 
C. Strong, Department of Anatomy, Yale University. All subsequent generations have been obtained by pedi- 
greed brother-to-sister matings in our laboratory. 
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25 to 28 days of age and assigned (using a table of random numbers) to 1 
of 35 treatment groups. Six generations are represented in the experiment, 
and litters were used from the first through the sixth pregnancy in the 
maternal obstetrical history. Litters that appeared unusually small or 
included abnormal members were discarded. Individual litters were 
irradiated in shallow, cylindrical, perforated lucite boxes, 3.5 em. high 
and 25 cm. in diameter, suspended in air in the X-ray beam.® 

Physical factors of irradiation for the original X-ray unit were: 120 
KVP, 8 ma., 0.25 mm. Cu and 1.0 mm. Al added filter, 30 cm. target-to- 
mouse distance, H.V.L. 0.33 Cu, output 25r per minute. This apparatus 
ceased to operate and was replaced with another operating at 120 KVP, 
9 ma., 0.25 mm. Cu and 1.0 mm. Al added filter, 30 cm. target-to-mouse 
distance, H.V.L. 0.37 mm. Cu, output 30-32 r per minute. During the 
installation of the new unit, some treatments were given at 140 KVP, 
20 ma., no added filter, 40 cm. distance, H.V.L. 0.26 Cu, 58.5 r per minute. 
No studies were conducted to determine the magnitude of variation in 
response due to these differences in physical factors. Irradiation at 120 
KVP has given highly reproducible data on mouse lymphoid tumors in 
other experiments and therefore appears to be sufficiently homogeneously 
distributed in the body of the mouse for practical purposes. 

A graded sequence of total doses was employed, each dose being the 
product of 2 and the next lower dose. In Series 1, each dose was 
given as a single exposure. In Series 2, 3, and 4, the total doses were 
divided into 2, 4, or 8 equal fractions, respectively, given on consecutive 
days. Finally, at three selected levels of total dose, four equally frac- 
tionated treatments were given in Series 5, 6, and 7 at intervals of 4, 8, 
and 16 days, respectively. The dose levels of Series 1 to 4 were staggered 
somewhat to allow for anticipated decreases in response with increasing 
fractionation. Larger numbers of mice were assigned to high-dose 
groups in the hope of obtaining enough survivors to provide valid 
lymphoid-tumor data (table 1). 

Throughout the experiment, animals were identically caged in wooden 
boxes with free access to Purina laboratory chow and water. Essentially 


TABLE 1.—Experimental design 
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*Initial number of mice treated. 


5 In another experiment the addition of a scattering medium (rice) did not affect dose significantly. 
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uniform room temperatures were maintained, and no significant laboratory 
infections occurred during the experiment. Cages were checked daily 
for dead animals. Mice dying within the first 60 days after the start 
of irradiation were counted as radiation deaths and have been reported 
elsewhere (4). In addition, animals that died of extraneous causes without 
evidence of lymphoid tumors within 300 days after the start of irradiation, 
and mice that were too autolyzed for autopsy, have been recorded as 
indeterminate and excluded in tabulations of the net number of mice 
per group. Except during the immediate postirradiation period, routine 
autopsies were performed on all animals. The thymus, lungs, mediastinal 
soft tissues, liver, spleen, kidneys and adrenal glands, mesenteric and 
peripheral lymph nodes, and gonads were regularly taken for histologic 
examination. In some instances, the smaller structures were lost during 
the embedding process and were therefore not available for study. All 
groups are being observed until death of the last remaining survivors, 
but present data are based upon observation periods of over 600 days, 
at which time a small number of animals were still alive. 

Estimations of latent period have been based on the elapsed time from 
the first irradiation to death with evidence of a lymphoid tumor. Death 
can properly be used as an endpoint because, in virtually all instances, 
only a few days elapse between the detection of mediastinal or peripheral 
node enlargement and death. 

Data on lymphoid-tumor incidence have been analyzed by the probit 
method (5, 6, 7). Mice dying without evidence of a lymphoid tumor 
after 300 days have been considered to have had full opportunity for 
manifestation of the disease and have been counted as negative. Because 
of the skewed distribution of lymphoma incidence above or below the 
50-percent level in some series, it has been necessary to calculate the 95- 
percent confidence limits of fiducial probability,® rather than utilizing the 
standard error for calculation of the range. The maximum likelihood 
estimate of the dose required to yield a 50-percent incidence in any par- 
ticular series is given by the antilogarithm of ™, the value of which is 
calculated from the probit regression equation for y=5. The slope of 
the regression line is taken as a measure of the rate of change of incidence 
with change in total dose. 


RESULTS 


(1) Incidence and mean latent period—Data on incidence and mean 
latent period for all groups are presented in table 2. Cumulative incidence 
curves for increasing total dose in each series are seen in text-figures 1 
to 7. Cumulative curves for three levels of total dose given in 4 equally 
fractionated treatments at intervals of 1, 4, 8, or 16 days are compared in 
text-figures 8 to 10. 


* These limits are given (8) as: 


ne | (6-P)Baty A [= (Bb-v)+(5-y)] 
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TEXT-FIGURE 1.—Cumulative incidence curves for various total doses of Roentgen 
radiation given in single exposures—Series 1. 
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TEXT-FIGURE 2.—Cumulative incidence curves for various total doses of Roentgen 
radiation given in two daily fractions—Series 2. 
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FOUR EQUAL DAILY FRACTIONS 
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TEXT-FIGURE 3.—Cumulative incidence curves for various total doses of Roentgen 
radiation given in four equal daily fractions—Series 3. 
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TEXT-FIGURE 4.—Cumulative incidence curves for various total doses of Roentgen 
radiation given in eight daily fractions—Series 4. 
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TEXT-FIGURE 5.—Cumulative incidence curves for various total doses of Roentgen 
radiation given in four equal fractions at 4-day intervals—Series 5. 
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TExT-FIGURE 6.—Cumulative incidence curves for various total doses of Roentgen 
radiation given in four equal fractions at 8-day intervals—Series 6. 
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TEXT-FIGURE 7.—Cumulative incidence curves for various total doses of Roentgen 
radiation given in four equal fractions at 16-day intervals—Series 7. 
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TEXT-FIGURE 8.—Cumulative curves for total dose of 475r given in four equally 
fractionated treatments at various intervals. 
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TEXT-FIGURE 9.—Cumulative curves for total dose of 673 r given in four equally 
fractionated treatments at various intervals. 
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TEXT-FIGURE 10.—Cumulative curves for total dose of 951 r given in four equally 
fractionated treatments at various intervals. 
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Trex1-FIGURE 11.—Probit-regression lines for lymphoma incidence in irradiated C57 
black mice. 


The calculated probit-regression lines for each series are seen in text- 
figures 11 and 12, together with the experimental data on incidence 
converted to empirical probit values. For ease of comparison, all of 
the probit-regression lines are plotted together in text-figure 13, with 
the 50-percent level (y=5.0) indicated as a horizontal interrupted line. 

Table 3 summarizes the calculated values for: 1) the log dose ™ for 
y=5.0 and its standard error; 2) the antilogarithm of 7% which represents 
the maximum likelihood estimate of the 50-percent dose; 3) the 95-per- 
cent confidence limits of fiducial probability for the range of the 50-per- 
cent dose; and 4) the slope of each regression line with its standard error. 
Where the data have approached but not straddled the 50-percent level, 
as in Series 1, 2, and 6, the slope of the regression line has been estimated 
with reasonable precision, but estimation of the 95-percent confidence 
limits has yielded values whose range extends above or below the maximum 
likelihood estimate to a greater degree in the direction for which data are 
lacking in the particular series. In Series 5, none of the three determined 
points approaches a 50-percent response sufficiently closely for the calcu- 
lated probit-regression line (interrupted line, text-fig. 12) to have real 
meaning and the calculated values cannot properly be compared with 
those of the other series. 

It appears that there is a rather slow increase in lymphoid-tumor inci- 
dence with increasing total dose when irradiation is given as a single dose 
or in 2, 4, or 8 fractionated daily exposures. As measured by the slopes 
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TEXT-FIGURE 12.—Probit-regression lines for lymphoma incidence in intermittently 
irradiated C57 black mice. 
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TEXT-FIGURE 13.—Comparative probit-regression lines for lymphoma incidence in 
irradiated C57 black mice. 
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TABLE 3.—Derived values from probit analysis of lymphoid tumor data 











| 
Num- , | aati | | 
‘ ber of | Interval | = | Antilog. | lie | 
Series | treat- | (days) m+s* | mt 8 | Limits} bis§ 
ments | | 
| 
| | | 
atti 1 | 0 | 2.7769 + .0724__| 598 r__| 330-1794 r-| 3.7665 + 1.3948 
= 2 1 | 2.8097+ .0564__| 645 r__| 494-1182r_|} 3.3339+0.9556 
3i3.... 4 1 | 2.7403+.0277__| 550 r__| 489-653 r__| 3.8642+0.9420 
., 8 1 | 2.7552 + .0372__| 569 r__| 446-673 r..| 2.7357 + 0.7690 
ot 4 4 | (2.3716 + .4606)_| (235 r) |||_---------- (2.0290 + 1.0990) 
= 4 8 2.6325 + .0348__| 429 r__| 335-485r__| 6.5794+ 1.4360 
Val..-} 4 16 | 2.7739 + .0185-.| 594 a 541-645 r__| 6.6506 + 1.1112 
| | | | 





*Log dose (and standard error) for y=5.0. 

+Maximum likelihood estimate of 50-percent tumor-inducing dose. 
t95-percent confidence limits of fiducial probability. 

Slope of regression line (6) and standard error. 

Ipetivea data for Series V not reliable. See text. 


of the regression lines, there is no significant effect of daily fractionation 
within the range used in this experiment. The maximum likelihood 
estimates for the 50-percent tumor-inducing dose were 598 r, 645 r,550r, 
and 569 r, respectively, for single doses and 2, 4, and 8 daily fractional 
treatments. The lack of change of slope with increasing fractionation is 
in striking contrast to previously reported results for radiation mortality 
(4), indicating that different mechanisms are involved. 

There is a significant increase in slope, and therefore of rate of increase 
of lymphoma incidence with increasing total dose, when irradiation is given 
at intervals of 8 or 16 days, and the 95-percent confidence limits for Series 
6 have essentially no overlap with those of the other series. It appears 
that the dose required for a 50-percent response when irradiation is admin- 
istered at 8-day intervals is significantly lower than for single dose or daily 
fractionated irradiation. The maximum likelihood estimate of the 50-per- 
cent dose rises again at the 16-day interval, suggesting that there may be 
an optimal interval for intermittent irradiation, which, judging from the 
incomplete data of Series 5, may lie somewhere between 4 and 8 days. 
These data again reflect a striking difference between lymphoid-tumor 
response and acute mortality following irradiation, since lymphoid-tumor 
incidence appears to rise with intermittent irradiation, while radiation 
mortality is strikingly reduced. 

Mean latent period (table 2) showed a generally decreasing trend with 
increasing total dose in all series but was not consistently affected by 
daily fractionation at any given dose level. There was again an indica- 
tion of a greater effect when irradiation was given at intervals of 4 to 8 
days, as measured by the decrease in latent period at all three dose levels 
employed. On the basis of these data, there is perhaps some reason to 
believe that the optimal interval may lie closer to 4 than to 8 days. There 
was a distinct increase again in mean latent period when the interval was 
further increased to 16 days. 

The slopes of the cumulative curves also provide a rough basis for com- 
parison of induction time. The slopes in Series 5 and 6 are quite obvi- 
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TABLE 4.—Rate of appearance of lymphomas 





Days after first X-ray treatment 





1- | 101- | 201-| 301-| 401- | 451- 
100 | 200 | 300 | 400 | 450 | 600 | Total 





Number of mice dead with lym- 


MIN. . ck emacs cacsuSexa 20 378 110 30 10 18 566 
Paveent of total................«- 3 67 19 5 2 2 100 


























ously more steep than those of the other series, as might be expected. 
Attention is directed to the plateau in cumulative incidence which occurs 
after approximately 360 days (text-figs. 1-7, and table 4). Of 149 animals 
of all groups dying more than 600 days after irradiation, only 2 were found 
to have lymphoid tumors. These findings confirm the earlier statement 
(9) that lymphoid-tumor incidence may be considered essentially complete 
within 300 to 360 days after irradiation, at least in mice of this strain. 

(2) Sex variance.—The sexes were initially distributed essentially 
equally through all series, and initial mortality was equal for both sexes 
(4). The total net number of mice available for lymphoid-tumor-inci- 
dence estimation was 1,076, of which 541 were males and 535 were females 
(table 5). Of these, 254 males (47 percent) and 312 females (58 percent) 
developed lymphoid tumors; this difference is statistically significant 
(x?=13.941, p=<..001).” 


TABLE 5.—Influence of sex on susceptibility 














? J Total 
Number of mice tresied.__......-.--....<.....s.- 535 541 1, 076 
Number of mice dead with lymphomas-.---_- ----- 312 254 566 
Lymphomaea—poreent.......... .........-..+.--+..~- 58 | 47 53 
Mean latent period (days post first Xray) -----.-- 206 | 193 200 








This result was unexpected, since mice of this strain have previously 
shown no sex difference in susceptibility when irradiated at 1 month of 
age (7). However, fragmentary data have suggested a more rapid 
decrease in susceptibility with increasing age thereafter among males 
than among females. The present data were, therefore, reanalyzed 
with regard to distribution of sexes among relatively high- and low-dose 
groups of each series. It was found that they were equally distributed, 
and that lymphoma incidence was somewhat higher in females at both 
“low”’- and “high’’-dose levels, the difference being significant only for 
the latter: a) ‘“low’’ doses: lymphomas in 92 of 225 females (41 percent) 
versus 75 of 229 males (33 percent), with x7)=3.232, p=<.10, >.05; 
b) “high” doses: 220 of 310 females (71 percent) versus 179 of 312 males 
(57 percent), x%y)=12.498, p=<.001. 

: a N(ad—be)? 
(a+b) (a+) (be) (b+d) 


where: N=total number of mice, a and b=number of males with and without lymphomas, ¢ and d=number of 
females with and without lymphomas, respectively. 
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This apparent influence of sex upon susceptibility is of minor magni- 
tude, however, since gonadectomy of C57 black mice at either 1 month 
(9) or 2 months of age*® does not significantly influence incidence in 
either sex. 

(3) Litter variance.-—The variation in response among the various 
litters assigned to any given treatment group appeared to be consistent 
with a normal frequency distribution, and the striking differences in sus- 
ceptibility from litter to litter noted in the case of radiation mortality 
(4) were not observed for lymphoid tumors. 

When originally assigned to this experiment, litters ranged in size 
from 3 to 8 animals. Lymphoid-tumor response in relation to initial 
size of litter has been tabulated in table 6. Litters of 3 or 4 mice had a 
significantly lower incidence than those of 5 or 6 mice (x?=8.055, p= 
<.01), and the latter in turn had a lower incidence than did litters of 7 
or 8 mice (x?=5.385, p= >.02, x?=5.948, p=<..02, respectively). These 
differences did not appear to be related to biased distribution of litters 
among low- and high-radiation-dose groups. 


TABLE 6.—Lymphoma incidence and initial number of mice per litter 








Initial number of mice in litter 3 | 4|5 |6|7 | 8 | Total 

| | | | | 
Number of mice treated_______._____-_- 97 | 156 | 222 | 222 | 248} 131 1076 
Number of mice dead with lymphoma_--| 36 | 60 | 113 | 118 | 152 87 566 
Lymphomas—percent-.---.-.......-.--- | 37) 38 51 | 53 61 66 53 





MacDowell et al. (10) have reported a decreasing incidence and increas- 
ing latent period of spontaneous leukemia in successive litters of strain 
C58 mice from the same mothers, reflecting the increasing age of the 
mothers at the time of parturition. In the present experiment, litters 
were drawn from as many as 6 pregnancies of the breeding females, and 
lymphoid-tumor response in relation to litter sequence in maternal ob- 
stetric history is recorded in table 7. There appears to be no significant 
influence of litter sequence, and presumably therefore of maternal age 
at the time of parturition, upon susceptibility of C57 black mice to radia- 
tion-induced lymphoid tumors. 


TaBLE 7.—Litter sequence and lymphoma incidence 














Obstetrical sequence of litter 1 | 2 | 3 | 4 | 5 | 6 | Total 
Number of mice treated_-_-...-...----- 291 | 227 | 202 | 231 | 109 | 16 | 1076 
Number of mice dead with lymphoma_--| 154 | 127 | 104 130 41; 10| 566 
Lymphomas—percent--_-_.-_.--------- 53 | 58| 51)| 56 | 38 | (63) | 53 

| | | 





The first 6 breeding generations in this laboratory are represented in 
the experiment, although insignificant numbers of the F; and F, generation 


* Kaplan, H. 8., and Brown, M. B.—unpublished data. 
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were present. There was no significant difference in response among the 
other 4 generations (table 8). 


TABLE 8.—Litter generation and lymphoma incidence 





Generation of litter 





Number of mice treated......--.------ 15 | 194 | 390 | 346 | 123} 8 | 1076 
Number of mice dead with lymphoma-_-_-| 3 94 | 194 | 196 | 76 3 | 566 
Lymphomas—percent--_--_...--------- (20) | 48 50 | 57 | 62 | (38) | 53 





(4) Genetic variance.—Many breeding females contributed two or more 
litters to the experiment. Lymphoma incidence for each litter has been 
compared to over-all incidence in the treatment group to which it was 
assigned, and designated as considerably greater than, considerably less 
than, or about equal to the group response. Some mothers contributed 
litters all of which exceeded or failed to equal the group response, while 
others contributed litters of “average” susceptibility, or litters of which 
some had a high and others a low response. Tabulation of the breeding 
females on this basis yielded a normal frequency distribution, with 43 
percent yielding litters which gave an average response, 25 percent a 
“high”? response, and 32 percent a “‘low”’ response. 

(5) Histologic extent of disease.—Satisfactory histologic appraisal of 
the extent of disease could be made in 534 of the 566 lymphomas recorded 
to date. For the sake of simplicity, classification has been based upon 
the presence or absence of readily identifiable clumps or masses of tumor 
cells in each of the organs studied. It is obvious that such an evaluation 
is not quantitatively rigorous, since serial sections would be required to 
detect isolated minute foci in some organs, and the mere indication that 
tumor cells are present does not differentiate between massive and minus- 
cule degrees of involvement. Nevertheless, the data of table 9 convey 
some idea of the frequency of involvement of various organs. It is again 
apparent, in keeping with previous reports (9), that the thymus is more 
consistently affected than any other organ. In two instances however, 
the thymus was clearly not the site of origin of the disease. 


TaBLE 9.—Histologic distribution of 584 lymphoid tumors 
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Number involved by tumor-_| 526 | 517 225 | 411 | 413 | 412 | 312 | 170 98 
Percent involved by tumor.| 99 97 86 80 80 78 73 47 23 
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DISCUSSION 


Final lymphoid-tumor incidence at the lowest total dose employed 
(283 r) was only 7 to 13 percent. This result is not significantly greater 
than the spontaneous incidence (6 to 8 percent) observed in untreated 
controls of this strain and subline in this laboratory, and differs from a 
spontaneous response only in that some of the tumors appeared before 
300 days. It would appear, therefore, that 283 r approaches a minimal 
effective dose below which lymphoid-tumor response could not be differ- 
entiated from that of nonirradiated animals. With increasing total dose 
above this level, incidence increases rather gradually, and is not affected 
by daily fractionation. At all effective dose levels, cumulative tumor 
frequency reaches a plateau at about 300 days or earlier, and does not 
significantly change thereafter during the lifespan of the strain. This 
universal plateau seems inconsistent with the view suggested by Engel- 
breth-Holm (11) that irradiation merely accelerates a spontaneous process 
and does not induce lymphoid tumors de novo. 

A sharply increased probit-regression slope, greater final incidence, and 
decreased latent period resulted when fractionated irradiation was admin- 
istered at intervals of several days. The optimal interval appears to lie 
between 4 and 8 days. This increased efficiency of periodic irradiation 
has been noted previously (7), and suggests that the timing of radiation 
doses to the rhythm of lymphoid-tissue injury and repair may be import- 
tant. Deanesly (/2), and others, have described the sequence of events 
in the irradiated thymus, in which destruction of cortical lymphocytes 
occurs primarily during the first 24 hours, followed by the phagocytosis 
of nuclear debris, ingrowth of connective tissue elements, and shrinkage 
of the cortex. On about the fifth or sixth day, depending upon dosage, 
residual cortical lymphocytes again exhibit active mitosis and soon re- 
populate the cortex. It may be that the enhanced effect of periodic 
treatment every 4 to 8 days is due to the presence in the thymus of numer- 
ous mitotic cells and immature new lymphocytes at this time. The 
so-called “law” of Bergonié and Tribondeau, which despite exceptions is 
rather widely accepted in radiobiology, holds that cells in mitosis are more 
radiosensitive than the same cell type in the resting phase. 

In the present study, fractionation did not extend beyond 8 daily ex- 
posures. At the other extreme, Lorenz et al. (13) have presented data on 
lymphoid-tumor incidence in LAF, mice exposed to chronic gamma 
radiation throughout their lifespan at a rate of 0.1 to 8.8 r per 8-hour day. 
A significant augmentation of lymphoma incidence above levels in un- 
treated controls was found only at the 8.8 r level; there was, however, 
some acceleration of tumor appearance at 4.4 r per day, which therefore 
approaches a threshold level for gamma irradiation administered in this 


way. 
The data yielded by the present experiment provide evidence that the 
mechanisms involved in lymphoma induction are quite distinct from those 
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responsible for acute radiation mortality in mice. This is clear from the 
differences noted in: (a) rate of increase of response with increasing dose; 
(b) effect of daily fractionation; and particularly in (c) effect of periodic 
irradiation. Aside from its theoretical significance, this observation can 
be applied practically in the design of lymphoma-induction experiments 
by utilizing periodic irradiation to obtain a maximal tumor yield with 
minimal loss of animals from initial postirradiation death. 


SUMMARY 


Lymphoid-tumor incidence, latent period, and organ distribution were 
studied in 1,753 strain C57 black mice of both sexes, 1 month old at the 
start of treatment, randomized by litters into 35 groups, given a graded 
sequence of total-body Roentgen doses in single exposures or 2, 4, or 8 equal 
fractions at intervals of 1, 4, 8, or 16 days. 

The lowest dose employed, 283 r, appears to approach a minimal effec- 
tive dose level below which tumor response could not be differentiated from 
that in nonirradiated mice of this strain. As total dose is increased above 
this level, there is a rather gradual increase in tumor incidence, which, for 
a given total dose, is not affected by daily fractionation. In contrast, 
fractionated irradiation at intervals of 4 to 8 days yielded a higher inci- 
dence, shorter latent period, and significantly steeper probit-regression 
line, indicating an optimal rhythm of exposure. Increasing the interval 
to 16 days resulted in a decreased response, especially at lower dose levels. 
Under all treatment conditions studied, tumor incidence attained a plateau 
at about 300 days or earlier. These results are in striking contrast to those 
for acute radiation mortality noted earlier in the same experiment, indicat- 
ing that different mechanisms are involved. 

Female mice were slightly, but significantly, more susceptible to lym- 
phoma induction by X rays than were males, particularly at high doses. 
Unlike the results for radiation mortality, there was little variation in re- 
sponse among litters assigned to any given treatment group. However, 
initial litter size was a factor; litters of 3 to 4 mice were significantly less 
susceptible than litters of 5 to 6 mice, which in turn were less susceptible 
than litters of 7 to 8 animals. There was no evidence of an influence of 
litter sequence, or of maternal age at the time of parturition, upon 
lymphoid-tumor incidence in irradiated C57 black mice, in contrast to the 
findings of MacDowell et al. (10) for spontaneous leukemia in C58 mice. 
Response did not vary significantly among the 6 generations represented 
in the experiment, and fluctuations of response among progeny of breeding 
females contributing multiple litters to the experiment had a normal fre- 
quency distribution. 

Histologic studies again demonstrated that the thymus is more consist- 
ently involved by radiation-induced lymphoid tumors than any other 
organ. In two instances, however, the thymus was clearly not the site of 
origin of the disease. 
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The Histochemical Society 


BUSINESS MEETING 


President: Davin GuickK 
Vice-President: Stuart Mupp 
Secretary: Rapa D. LILuie 
Treasurer: Epwarp W. DEMPSEY 


The third annual meeting of the Histochemical Society was held at the Hotel New 
Yorker in New York, N. Y., April 7 and 8, 1952. The Council met 7:30 to 12 p.m. 
April 6, and submitted its report to the Society at the business meeting at 2 p.m. 
April 7, 1952. 

Report of Council 


The minutes of the 1951 meeting were approved as published in the Journal of the 
National Cancer Institute, as Proceedings of the Histochemical Society. 

The Secretary’s report was read and accepted. The question of preparing and 
publishing the transcript of the discussions of papers presented was discussed. The 
cost was $265.00 for 1951. It was agreed that the discussions should be published, 
and that an effort should be made to reduce the cost. 

A resolution was adopted thanking Drs. H. Elftman, C. R. Noback, and H. P. Smith 
for local arrangements for the 1952 meeting, and thanking Dr. Ross MacCardle for 
his aid in publication of the 1951 Proceedings. 

The Treasurer’s report was read and approved for submission to the Society. 

The membership committee reported on proposals for membership, and 62 persons 
were elected to membership in the Society. The names of new members were posted 
on a blackboard, and are included in the complete list of members published herewith. 

The Council proposed election of R. R. Bensley and L. Lison as honorary members, 
Since this action entails remission of dues, confirmation by vote of the Society is 
required. 

The Council proposed a bylaw reducing dues of members resident outside of North 
America to $1.00 per year. 

The Council made the nominations for officers and councilors presented hereafter. 

The Council presented to the Society the proposed constitutional amendment which 
was read and discussed at the 1951 meeting and circulated to the Society in January 
1952. The change is incorporated in the Constitution as it is published herewith. 

The Council discussed the proposed Journal of Histochemistry. The presubscription 
campaign has resulted in 750 subscriptions. One thousand are needed. The sit- 
uation is regarded as encouraging by the Williams & Wilkins Co., but more subscriptions 
are needed. 

The Council proposed a change in title of the proposed journal to Journal of Histo- 
chemistry and Cytochemistry. 

The Council elected Dr. Ralph D. Lillie as editor for five years, and the following 
editorial board: Drs. S. Mudd, J. F. A. McManus, and L. B. Thomas for two years; 
Drs. J. Friedenwald, A. Seligman, and R. C. Mellors for three years; and Drs. G. B. 
Wislocki, D. Glick, and G. Gomori for four years. Terms of associate editors are to 
be three years hereafter. 

The Council announced the 1953 meeting, to be held in Chicago, April 5 and 6, 
preceding the meeting of the Federation of American Societies for Experimental 
Biology. 

The Council’s report was accepted. 
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The Treasurer reported expenditure of $30.00 for the secretary’s office, $24.75 for 
badges, $265.11 for transcription of the 1951 Proceedings, and $1.45 for bank charges, 
totaling $321.31. Receipts were $130.00 in cash at the 1951 meeting, and $295.00 
in dues, totaling $425.00. The balance in 1951 was $344.40, in 1952 $448.09. 

The Treasurer’s report was accepted. 

The Council presented for final ratification the proposed amendment to the Con- 
stitution as printed in the 1951 Proceedings and embodied in the complete text of 
the Constitution. 

The Council nominated the following: for president, Dr. Stuart Mudd; for vice- 
president, Dr. J. Walter Wilson; for secretary, Dr. Ralph D. Lillie; for treasurer, Dr. 
Edward W. Dempsey; for councilors, Dr. Albert H. Coons and Dr. Arnold Lazarow. 

The Society voted to elect these nominees. 


The Council proposed changing the name of the proposed journal to Journal of 
Histochemistry and Cytochemistry, and the Society so voted, subject to acceptance of 
the change by the publisher. 














CONSTITUTION OF THE HISTOCHEMICAL SOCIETY 


ARTICLE I 


Section 1 

The Society shall be called ‘‘The Histochemical Society.” 
Section 2 

The purpose of the Society shall be to further the knowledge of the interrelation- 
ship of chemical constitution and detailed morphologic structure of living organisms, 
both in normal and in pathologic states. 


ARTICLE II 

Section 1 

The business of the Society shall be conducted by a council composed of the officers 
of the Society, eight Councilors, and the editor of any regular publication that the 
Society may issue. The officers shall be the president, the vice-president, the secretary, 
and the treasurer. Officers shall be elected annually for terms of one year. Neither 
the president nor the vice-president shall hold his office for more than two consecutive 
years, and the secretary and treasurer shall hold their offices for no more than five 
years consecutively. The eight councilors shall be elected for four-year terms, and 
the elections shall be so arranged that the terms of two councilors shall expire each 
year. In the event of a vacancy occurring other than at the expiration of a four- 
year term, a@ new councilor shall be chosen at the next annual meeting of the Society 
to complete the unexpired term. 
Section 2 

The council may select an editor for any publication the Society may regularly 
issue, to serve for such period as they may decide. While so serving the editor shall 
sit as a member of the council. 
Section 3 

Seven members of the council shall constitute a quorum for the transaction of 
business. 

ARTICLE III 

Section 1 

Candidates for membership must be proposed in writing by two members of the 
Society. The proposal must be accompanied by a list of the titles, journal references, 
and joint authors of publications. Candidates must possess a doctor’s degree or 
have had its equivalent in training and experience, and must have published at least 
one independent definitive paper or participated to a substantial extent in the publi- 
cation of one or more definitive publications of joint authorship in the field of histo- 
chemistry, cytochemistry, or related subjects. 
Section 2 

The council shall elect new members by a majority vote of its whole membership. 
Section 3 

Annual meetings shall be open to all interested scientists. Papers may be presented 
by members and, on invitation, by nonmembers. 


ARTICLE IV 
Section 1 


The council shall nominate to the Society candidates for president, vice-president, 
secretary, treasurer, and councilors to fill the two regular vacancies and any other 
vacancies that may occur. 
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Section 2 

Any other member of the Society may nominate, from the floor, additional candi- 
dates for any or all elective offices. 
Section 3 

Officers and councilors shall be elected by a majority vote of the Society at the 
annual meeting. 

ARTICLE V 

Section 1 

Proposed amendments to the Constitution shall be presented to a regular meeting 
of the Society for preliminary discussion and approval by a majority vote. Amend- 
ments shall be presented in writing by the council or by any group of ten members. 
Section 2 

After preliminary discussion and approval, copies of proposed amendments shall be 
distributed by the secretary to all of the enrolled members sufficiently before the next 
annual meeting for adequate consideration. Amendments shall be adopted at the 
next annual meeting by a two-thirds vote of members present, including written 
ballots submitted to the secretary before the business meeting. 
Section 3 

Bylaws for the conduct of the Society may be adopted, amended, or repealed at any 
business meeting by a two-thirds vote of the members present. The council or any 
group of ten members may propose changes in the bylaws. The amounts of annual 
dues and registration fees shall be governed by bylaws. 


ARTICLE VI 
This Constitution shall become effective upon receipt by the secretary of 70 mailed 
ballots from elected members of the Society, or upon vote of two-thirds of the members 
present at the next annual meeting following its submission by mail to the members. 
Submitted by 
R. D. Litus, M. D., 
Secretary, Histochemical Society 


National Institutes of Health, 
Bethesda 14, Md. 











SCIENTIFIC PROCEEDINGS 


/ Demonstration of Protein-bound Sulfhydryl and Disulfide Groups by Two New 
Histochemical Methods.' R. J. Barrnetr? and A. M. Sexieman, Harvard 
Medical School, Boston, Mass. 


Abstract. 2,2’-dihydroxy—6,6’—dithionaphthalene disulfide has proved to be a 
specific reagent for the colorimetric localization of protein-bound sulfhydryl groups 
in tissue sections fixed in alcohol-trichloracetic acid and embedded in paraffin (Barrnett 
and Seligman, in preparation). The disulfide reagent oxidized available sulfhydryls 
(thiols) of protein to link a 2-hydroxy naphthyl group through the 6-thio group to 
protein. After removing the excess reagent, a deeply colored pigment was produced 
by coupling with a tetrazonium salt. Other groups in protein were not oxidized by 
the disulfide moiety in the reagent, and the only nonspecific binding by the naphtholic 
group occurred with elastic tissue. 

Oxidation of tissue thiols with iodine, prior to treatment with the reagent, completely 
eliminated the reaction. In sections of tissue which were so oxidized, treatment with 
KCN or (NH,)25 restored the thiol groups and, in addition, produced thiol groups from 
-SS- groups in the protein. This was indicated by the restoration and intensification 
of staining of the original sites of thiols as well as extension of staining to new areas. 

A second method of demonstrating sulfhydryl and disulfide groups in protein was 
developed (Barrnett, in preparation) by using ditetrazolium chloride (B.T.) at pH 11 
in the presence of KCN. At this pH both -SH and -SS- groups of tissue, fixed and cut 
as before, reacted and reduced B.T. to an insoluble blue diformazan. Aldols and 
ketols will also reduce B.T. at this pH, but they were not demonstrable in similarly 
prepared control sections. 

These methods were used to study the distribution of protein-bound sulfhydryl and 
disulfide groups in tissues of the rat. 


Discussion 


Dr. A. Lazarow (Western Reserve University): Have the authors made quantitative 
chemical studies on pure proteins whose content of free sulfide groups is known? Can 
mercury benzoate be used before the reaction, or is it removed by the procedure? 
Might some of the original reagent be bound to other protein groups, perhaps through 
the hydroxyl, and then be coupled in similar fashion? 

Dr. H. Mescon (University of Pennsylvania): First, will permitting slides to stay in 
the staining solution for 24 hours or longer increase the amount of positive material? 

Secondly, the slides that were shown were all under low power. We have not had 
good results insofar as determining intracellular localization using a modified Bennett’s 
method. Is intracellular localization possible with this technique? 

Dr. C. P. LeBtonp (McGill University): Isit possible to stain intracellular organelles 
with this technique? I am particularly interested in epidermal tonofibrils, since Dr. 
Giroud explained keratinization as involving a transformation of -SH groups into 
-SS- groups in the tonofibrils of the Malpighian layer. 

Secondly, does the ground substance of tooth enamel give a positive reaction? 

Dr. 8S. Mupp (University of Pennsylvania): 1 judge that the reduction of the tetra- 
zolium at these alkaline reactions is quite different from the reduction by the 
flavo-protein reductases of the mitochondria. Is that correct? 

Dr. BARRNETT: Dr. Lazarow, this method has not been applied to proteins in vitro. 
It could be done, though, by reacting the reagent and protein in the test tube, extracting 

1 This work was aided in part by an Institutional Grant to Harvard University from the American Cancer 
Society. 
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the excess of reagent, splitting the disulfide formed, extracting the naphthol moiety, 
and then developing color which could be measured colorimetrically in the extracted 
material. Unfortunately, we have restricted ourselves to histochemistry. As to the 
possible staining by the naphthol moiety, I would like to repeat that nothing stains 
when tissues are first oxidized by iodine or hydrogen peroxide except elastic tissue. 
That elastic tissue stains because of the naphthol moiety has been indicated by the 
recent work of Dr. Dempsey and some of the work I have done. For example, many 
naphthalene derivatives, such as the 2-hydroxy—6-sulfonic acid, when coupled with 
a diazotized salt, stain elastic tissue very intensely. As for mercaptide forming agents 
blocking this reaction, we haven’t performed such tests yet except to indicate that 
Zenker fixation completely inhibits this reaction. Iodoacetic acid, however, blocks the 
reaction and glutathione reverses it. We are planning further control experiments. 

Dr. Mescon asked about longer incubation periods. I don’t think this should be 
done because the sulfhydryl reaction is performed at pH 8.5, and that pH approaches 
a critical point of alkalinity, where disulfide groups will split, as indicated by a number 
of scientists in the leather industry. Since the splitting of disulfides appears to be a 
function of both alkalinity and time, a short incubation at a low-alkaline pH would 
be theoretically best. 

The question on intracellular localization is difficult to answer. You have seen 
that many of the tissues were intensely stained and that the localization of color 
was rather sharply defined, but as for localizing individual intracellular structures, 
it may be a little difficult. The quantity of sulfhydryl groups, that these structures 
may have, may be too few to develop sufficient color to be detected under the high 
power of the microscope. 

Dr. Leblond, part of that answers your question. I have not seen tonofibrils stained 
with these methods. It may be that I have not focused on them critically. I will do 
so Wednesday. 

Dr. Mudd, the tetrazolium reaction is different from that used to demonstrate 
dehydrogenases. It is based on the same principle of reduction to form a diformazan, 
but the reaction is not due to dehydrogenases in that it occurs in fixed tissue where 
the dehydrogenases would be destroyed. Furthermore, the reaction is extremely 
slow; whereas dehydrogenase activity can be demonstrated histochemically within 
an hour. The reaction between blue tetrazolium and tissue sulfhydryls requires an 
18-hour incubation. 

Dr. Mupp: How about the enamel? 

Dr. BarrNetT: I have not yet looked at teeth. It is on the program. 





A New Tryptophane Histochemical Method. M. J. Carver,! Kuanc Mer Hstes,! 
and L. E. Tuomas, University of Missouri, Columbia, Mo. 


Abstract. A method has been developed for the localization of protein-bound 
tryptophane. The tissue is treated in an ice bath with nitrous acid in the presence 
of hydrochloric acid. Subsequent immersion in a solution of N-(1-naphthyl)-ethylene- 
diamine dihydrochloride in dilute hydrochloric acid, at a somewhat elevated tempera- 
ture, produces a red coloration. (This procedure follows, in general, the method 
used in diazotizing an aromatic amine and coupling the resultant diazonium salt with 
a phenol or aromatic amine to form an azo dye.) The reaction has been used for the 
quantitative determination of free tryptophane in solution (Eckert, J. Biol. Chem., 
148: 205-212, 1943). The specificity of the reaction is discussed. The method 
employs much less drastic conditions than other tryptophane histochemical methods. 


Discussion 


Dr. R. H. Jorpan (University of Virginia): The reaction of nitrous acid with 
tryptophane has been indicated to give a definite color. Do we know exactly where 
that nitrous acid has attacked the tryptophane molecule, and in what way? 


1 By invitation. 
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Dr. A. M. Serieman (Beth Israel Hospital, Boston, Mass.): Since diazotization pro- 
duces a solubilizing group, it would be important to know whether localization of the 
final reaction in tissue sections has been altered. It would also be helpful to see a 
precise formulation on the blackboard of the reaction which Dr. Thomas has described. 

Dr. THomas: We do not know, when one treats tryptophane with nitrous acid, 
exactly what the reaction is. This has not been studied sufficiently to establish why 
it is that one gets a result that is very similar to the formation of a diazonium compound, 
In the case of tyrosine, it is known that you get a diazonium compound. We think 
that this reaction may in some way produce a diazonium compound from the trypto- 
phane. 

As regards the solubility of the protein, the tissue has been through a fixative, and we 
have not made any tests to determine whether any protein could be washed out 
or could be shifted in position in this fixed tissue. We used Carnoy’s fixative. 





Some Studies on the Schultz Histochemical Test for Cholesterol. C. B. Rerner,! 2 
University of Chicago, Chicago, Ill. 


Abstract. The limits of specificity and the degree of sensitivity of the Liebermann- 
Burchardt (L-B) reaction for cholesterol are well established. In this study attempts 
are made to demonstrate the sensitivity of the Schultz histochemical adaptation of the 
L-B reaction, and some aspects of its specificity. 

Several sterols were available for study. These were first tested on a spot plate 
to help exclude those compounds that would not contribute to the study. Each of the 
remainder was dissolved in serial dilution in olive oil and homogenized into a gelatin 
solution. Thereafter, they were handled exactly as tissues. 

It was observed that cholesterol and cholesteryl! acetate do not give a typical reaction 
unless they have undergone prior oxidation. Cholesterol that has been suspended in 
water and aerated one week prior to incorporation into a model experiment requires 
a minimum concentration in the lipid of the order of 12 to 25% in order to give a posi- 
tive reaction. 7-hydroxycholesterol, on the other hand, gives a weakly positive reac- 
tion at a concentration as low as 6%. 7-dehydrocholesterol gives a positive reaction to 
a minimum dilution of approximately 13%, and demonstrates slight diffusion. 
Ergosterol is soluble in the reagent, but gives a positive reaction in the test tube. 

It is concluded that: 1) the Schultz reaction is very insensitive; and 2) the reaction 
is given, not by cholesterol itself, but rather by oxidative derivatives, probably in- 
volving the “B” ring, possibly 7-hydroxycholesterol or a related compound. 


Discussion 


Dr. 8. P. Kent (University of Alabama): Were alpha and beta carotene or vitamin A 
used in determining the specificity of this reaction? 

Were digitonin precipitation and subsequent acetone extraction tried in order to 
improve the specificity of the test? 

Dr. Reiner: Alpha and beta carotenes and vitamin A were not tried. 

Digitonin precipitation was not tried, but theoretically should increase specificity 
when followed by the Schultz test. However, localization and sensitivity would be 


expected to be poorer, since digitonin is used in an alcoholic medium in which cholesterol 
is soluble. 
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Observations on the Specificity of the Schultz Histochemical Test for Demonstrating 
Cholesterol in Tissue. S. P. Kenvt,! Medical College of Alabama, Birmingham, Ala. 


Abstract. A number of methods for demonstrating cholesterol in tissues are 
described in the literature. Several chemical reactions of cholesterol that produce 
color in a test tube and might be adapted to tissue work have been described also. 
On trying these different methods and comparing them to the Schultz histochemical 
test, the latter was found to be more satisfactory. The Schultz test is a modification 
of the Liebermann-Burchardt chemical reaction. Since Schultz described his method, 
several different types of compounds have been found to produce color in the Lieber- 
mann-Burchardt test. The color produced by some is indistinguishable from that 
produced by cholesterol and cholesterol esters. The following experiments were done 
in order to determine whether Schultz’s modification for tissue sections shows a similar 
lack of specificity. 

Twenty-four chemical compounds including cholesterol and cholesterol esters were 
examined by the Liebermann-Burchardt chemical test and the Schultz histochemical 
test. Some of the compounds had been found by previous investigators to produce a 
color reaction with the Liebermann-Burchardt test. Others were structurally related 
to cholesterol. Most of the compounds gave a color reaction with the Liebermann- 
Burchardt test. Only carotene, linoleic acid, vitamin A, and ergosterol produced a 
color which was similar to that produced by cholesterol and cholesterol esters. 
Carotene was the only compound which gave a reaction with the Schultz test that was 
indistinguishable from that produced by cholesterol and cholesterol esters. 

The Schultz histochemical test is, therefore, not absolutely specific for cholesterol. 
It is, however, more specific than the Liebermann-Burchardt chemical test from which 
it was derived. 

Discussion 

Dr. C. B. Retner (University of Chicago): Were test-tube experiments tried with 
cholesterol itself? In using cholesterol under the conditions of the Schultz reaction, 
possibly due to physical inaccessibility to oxidation, there was great difficulty in 
obtaining a positive reaction. Ergosterol gave irregular results. A black-green color 
was the closest to a positive reaction, but even that was only irregularly reproducible. 
Moreover, in model experiments ergosterol was a lot more diffusible than the tissue 
reactant. 

Dr. N. WetssMAN (Maimonides Hospital, Brooklyn, N. Y.): Fieser at Harvard has 
recently isolated some new sterols from so-called pure cholesterol. One of these sterols, 
which I think he calls “lathosterol” or “thaptosterol,” is believed to have a constitution 
similar to that of vitamin D derived by irradiation of ergosterol, namely, ring B being 
open with alternating double bonds. I wonder if that has any relation to the type of 
reaction found in the Schultz test in the tissue by Dr. Kent? 

Dr. D. Guick (University of Minnesota): What is the percentage contamination of 
the ‘“‘pure’’ cholesterol with these steroids? 

Dr. WEIssMAN: I believe the contamination, or concentration, is quite low, although 
Dr. Fieser believes that it may be physiologically very significant. He has found a 
difference in the sterols isolated from the atherosclerotic plaques and the serum of the 
same patient. He has done this on material from several patients. 

Dr. A. M. Serieman (Beth Israel Hospital, Boston, Mass.): Fieser has recently iso- 
lated and characterized a new sterol which accompanies cholesterol in nature. For 
example, it constitutes 3 percent of the cholesterol in gallstone. He has named it 
‘lathosterol’ from the Greek “lathos,’”’ which means concealed. The sterol does not 
have an open ring. It has two conjugated double bonds in rings B and C, which are 
responsible for its great reactivity. It can be measured specifically in small amount by 
reaction with selenium dioxide. The reaction with acetic anhydride is even more 
rapid than cholesterol. 
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Dr. J. F. A. McManus (University of Virginia): Most of the experimental mate- 
rial used in the first experimental work in the production of atherosclerosis was by 
feeding egg yolk with a high carotene content. This study may have a very consid- 
erable relationship to the experimental atherosclerosis of the early work. 

Secondly, would Dr. Kent tell us where in the aorta these imbedded materials were 
localized. Was it anywhere near the intima where the arteriosclerosis comes? 

Dr. Kent: Dr. Reiner, commercial cholesterol was used in the first slide. In the 
test-tube reaction with the Liebermann-Burchardt test, we got positive reactions. 
When the cholesterol was adsorbed to the tissue sections, the reaction was less intense 
but it was positive. With ergosterol we got a bluish purple reaction, but it could be 
differentiated from cholesterol. 

I am not acquainted with Dr. Fieser’s work. 

Dr. MeManus, certainly tissues that have a noncarotene content should be tried 
with the Schultz test. As to localization, the cholesterol stain was diffuse. It did not 
seem to be localized in an individual portion of the aorta. In the control sections of 
acetone-extracted aorta, we got only a faint purple reaction in a few fibers in the 
adventitia. 





A Modification of the Sudan Black B Technique for the Possible Cytochemical Demon- 
stration of Masked Lipids. G. A. AcKkERMAN, Ohio State University, Columbus, 
Ohio. 


Abstract. A cytochemical technique has been adapted using Sudan black B in the 
demonstration of ‘‘masked”’ lipids not demonstrable by routine procedures. Evi- 
dence suggesting that the material demonstrable by this procedure is lipid has been 
obtained using human blood films as the experimental material. Blood films are 
fixed with formol vapor for 2-5 minutes and placed in a 25% aqueous solution of 
acetic acid for 5 minutes. The films are washed thoroughly in water, dried, and placed 
in a saturated solution of Sudan black B in 70% ethyl alcohol for 30 minutes. The 
stained films are washed in 50% or 70% alcohol until excess Sudan is removed and 
then washed immediately in water, dried, and mounted in glycerin, glychrogel or 
permount. Control films are processed in the same manner omitting the acid treat- 
ment. 

Differences between the control and acid-treated Sudan films are: 1) nuclei of 
leukocytes are sudanophilic (brown) in acid-treated films in contrast to their sudano- 
phobic nature in control films; 2) platelets, only slightly sudanophilic in control films, 
are moderately sudanophilic (brown with black granules) in acid-treated films; 3) 
black sudanophil granules of neutrophils and monocytes in control films are not 
evident in acid-treated films, although many small black sudanophil granules are 
unmasked by this technique; 4) blood plasma appears slightly sudanophilic in acid- 
treated preparations, but is not evident in control films; and 5) erythrocytes are 
rendered sudanophobic following acid treatment. 

The lipid nature of the sudanophil material unmasked by acid treatment is suggested 
by the solubility of this component in alcohol-ether, hot pyridine, and partial solubility 
inacetone. The possibility of the lipid of the nucleus existing as a lipoprotein complex 
perhaps a lipo-nucleoprotein complex, is indicated by the solubility of the sudanophil 
component in lipid solvents and the removal of both the lipid component and desoxy- 
ribonucleoprotein with trypsin, pepsin, and desoxyribonuclease. 


Discussion 


Dr. E. B. Tart (Massachusetts General Hospital): Has Dr. Ackerman considered 
the possibility that Sudan black B may not be a pure dye, and that the brown color 
he achieved may not necessarily represent unmasked lipid but rather staining by 
some contaminant of the Sudan that he used? 

Dr. A. M. Setigman (Beth Israel Hospital, Boston, Mass.): It is indeed strange 
that acetic acid should unmask lipid material when mineral acid does not. This obser- 
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vation would indicate to me that the phenomenon is not due to splitting of lipid from 
protein, because mineral acid should do so as well if not better than an organic acid. 

Dr. A. Lazarow (Western Reserve University): In the control, the nucleus of the 
polymorphonuclear was unstained and there were many granules in the cytoplasm. 
In the slide treated with organic acid, the nucleus stained brown but there was very 
little material in the cytoplasm. What happens to the cytoplasmic granules? Per- 
haps the Sudanophil material may diffuse and deposit in the acid-altered nucleus? 

Dr. M. Woitman (Hebrew University, Jerusalem): May not the whole reaction be a 
true staining reaction, since we know that Sudan black is a chromosome stain? Might 
not the acid operate to free the acid groups of the nucleoprotein and enable their 
staining with Sudan black? 

Dr. C. P. LeBLonp (McGill University): Is it possible to do the unmasking which 
you describe in sections that have been taken through the usual paraffin embedding 
technique? The staining of nuclei and mitochrondria under these conditions might be 
of practical interest. 

Dr. ACKERMAN: The differential solubility studies conducted on blood films strongly 
suggest that the sudanophilic material demonstrated is lipid. Lipid may be unmasked 
in sections from tissue embedded in paraffin, although extraction experiments con- 
ducted on tissue sections have not been very convincing that the sudanophilic ma- 
terial is lipid. This is probably due to fixation which may bind the lipoprotein more 
tightly so the lipid cannot be readily extracted. There is no indication that lipid 
diffusion has occurred in this Sudan technique. 

We have carried out several chromatographic studies on Sudan black B (National 
Aniline Co., cert. Nos. NZb 1 and 4). Freshly prepared Sudan (cert. No. NZb 1) 
appeared to be a pure dye. However, Sudan black (cert. No. NZb 4) contained two 
components, a blue and a brown or orange component. If the dye solutions are al- 
lowed to stand for a period of time (7. e., 14 days) both dyes exhibit two components. 
After a longer period of time (11 months) there appears to be a reduction in the amount 
of the blue and an increase in the second component which in this instance has a 
yellow color. 

Spectrophotometric analyses of the components of Sudan black B exhibit two dis- 
tinct absorption curves. I have not been able to obtain the two pure components in 
sufficient quantity for staining. 

It should be noted that freshly prepared solutions of Sudan black will not stain 
lipid (7. e., neutrophil granules) but will stain them very well after the dye solution 
has stood for two weeks. 





On Fat Peroxides in Human Polymorphonuclear Leukocytes. R. D. Liture and 
HELEN J. Burtner,! National Institutes of Health, Bethesda, Md. 


Abstract. Since true fatty acid peroxides accomplish the indophenol synthesis in the 
absence of air, and a number of reagents destroy both the oxidase activity and the 
sudanophilia of leukocytes, it has been concluded that the indophenol reaction of 
leukocytes is due to fat peroxides. 

Leukocyte granules are Schiff negative on short and long exposures and also after 
peracetic acid oxidation. Thus aldehyde and ethylene groups are not found. 

Treatment of blood smears with some reagents destroys or preserves sudanophilia, 
peroxidase, and oxidase activities equally; with others sudanophilia is more resistant, 
and with still others less resistant. Peroxidase and oxidase activities presented much 
the same resistance to reagents. Sudanophilia is more resistant to heat. 

Sudan stains of true fats and lipoids are readily decolorized by dye solvents which 
do not dissolve the fats, and restaining is readily accomplished, even repeatedly. 

The sudanophil granules of leukocytes are highly resistant to decolorization by 
absolute alcohol, xylene, acetone, chloroform, mineral oil, etc. Restaining after 
60-80% alcohol decolorization is only partly successful. 


1 By invitation. 
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Benzoylated and acetylated naphthol and naphthylamine Sudan dyes readily stain 
true fats and lipoids but fail to stain leukocyte granules at 37°C. 

Addition of H,O: to oil red O seemed to accelerate staining of leukocyte granules on 
some trials, but not on others. 

The Sudan staining of leukocyte granules appears to be a chemical reaction. Alde- 
hyde, ethylene and carboxyl groups appear improbable; amine, carbinol or amino- 
carbinol groups appear possible, and the presence of a naphthol peroxidase is not 
excluded. 

Discussion 

Dr. G. Gomori (University of Chicago): It has been known for some time that 
leukocyte granules show what the Germans call ‘‘phenolophilia,’’ or naphtholophilia, 
and it is not clearly understood just what that means. It certainly does not mean any 
enzymatic activity. If a blood smear is stained with a very fresh solution of alpha- 
naphthol, nothing is seen after an hour’s incubation. If one uses a stale brownish 
solution of alpha-naphthol, the granule will get jet black in a matter of minutes. 
However, even with fresh naphthol, specific binding by the granules is easily demon- 
strated by azo-coupling. It is very likely that staining with Sudan dyes is also 
essentially a phenomenon of naphtholo- or phenolophilia, whatever the term may 
mean. 

Sudanophilia of the leukocyte granules undergoes changes on treatment with chemi- 
cals. This was first described by Heringa in Holland. If one treats smears with 
mercury bichloride, sudanophilia decreases, although it is not altogether abolished. 
If the mercury is now removed with Lugol’s solution, it returns to its full extent. 
I found the same phenomenon with peroxidase. These phenomena require thorough 
examination because they are unexplained. 

Dr. Liture: We failed to confirm Heringa’s findings regarding abolition of Sudan 
staining by mercuric chloride. I suspect Heringa may have had one of those laboratory 
accidents in which overaged alcoholic Sudan solutions fail to stain leukocyte granules, 
perhaps because of ether formation. Deliberate attempts to form a Sudan ethyl 
ether also impair the staining capacity for leukocyte granules. 





Histochemical Demonstration of Ketosteroids in Normal, Abnormal and Neoplastic 
Placentae. Rivka AsHBEL! and A. T. Hertia,! Harvard Medical School, Boston, 
Mass. 


Abstract. Using the Ashbel-Seligman “active carbonyl” method, ketosteroids 
were found in the syncytial trophoblast of the placenta in its early developmental 
stages. ‘Ten placentae from therapeutic and spontaneous abortions between the ages 
of 6-23 weeks gestational age showed steroid material in the syncytium. This mate- 
rial was not found in 9 normal-term placentae or in 3 placentae from diabetic mothers 
delivered at 34 to 37 weeks. This may be related to the fact that the patients had 
diabetes or it may mean that ketosteroids disappear from the syncytium at around 
the 34th week normally. 

Otherwise normal-appearing placentae from 6 cases of toxemia of pregnancy with 
gestational ages of 34-39 weeks contained increased amounts of ketosteroid, indicating. 
a distinct metabolic abnormality. Increases in ketosteroid content were found also 
in a 15-week placenta from a case of erythroblastosis, in a 24 month placenta from a 
patient with severe mental depression, and in 2 34-week placentae—one placenta 
accreta and one placenta previa, 

Ketosteroids were also [found' in some of the Hofbauer 'cells and'in occasional 
‘placental site giant cells” in the decidua basalis. None were found in the cells of the 
decidua, but they appeared as small granules in the cytoplasm of the endometrial 
gland cells. 
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Eleven hydatidiform moles were examined and showed abundant ketosteroid in the 
syncytial and primitive trophoblast. In addition this material was found in clumps 
of fibrinoid in regions of degenerating cytotrophoblast and in some of the cells of the 
villous stroma. 

It is suggested that this ketosteroid material may represent steroid hormone. 


Discussion 


Dr. D. Guick (University of Minnesota): This reminds me of a discussion at last 
year’s meeting in which the question came up as to whether the carbonyl staining 
really demonstrates ketosteroids. Some circumstantial evidence has been presented 
that indicates that the staining may be due to ketosteroids. But since the evidence 
is circumstantial and not direct, would it not be the wiser course to call it a stain for 
insoluble carbonyl rather than for ketosteroid? I wonder if you are not sticking your 
neck out too far? It may be that the future will bear you out but how do you know? 

Dr. W. B. Arxrnson (University of Cincinnati Medical School): Have you studied 
the decidua parietalis as well as the placenta? We have found that practically every 
parenchymal element in the decidua parietalis gives a positive reaction, and find it 
rather difficult to believe that this is actually a ketosteroid we are demonstrating. 

Dr. O. P. Jones (University of Buffalo): The progesterone level in chorio-adenoma 
cases is very low and can be explained entirely by the luteal reaction in the ovaries 
which is present with moles and chorio-adenomas. Hence, Atkinson’s comment on 
the origin of progesterone is well taken. 

What about the possibility of an estrogenic origin of these structures? 

Dr. ASHBEL: Other cells in the decidua—Hofbauer and giant placental cells—are 
also stained. Dr. Hertig believed the latter originate from syncytial trophoblast. 
No estrone was detected, therefore the stained material is probably progesterone. 





The Histochemistry of Lipid Carbonyl Compounds. G. Gomonrt, University of Chicago 
Medical School, Chicago, Ill. 


Abstract. The specificity of the Seligman-Ashbel hydroxynaphthoic hydrazide 
method for lipid ketones has been tested by the use of models and of tissue sections. 
It was found that intensive positive reactions are obtained with all sorts of unsaturated 
fats such as linseed and olive oils, lard, etc., after a short exposure to air. Auto- 
oxidized fats also show an intense whitish fluorescence. Testosterone, estrone, and 
desoxycorticosterone acetate give entirely negative reactions under histochemical con- 
ditions, probably because of their solubility in 50% alcohol. In tissues, very intense 
Seligman-Ashbel reactions are obtained at all sites where the presence of cholesterol can 
be demonstrated (arteriosclerotic plaques, necrotic tumors, cutaneous xanthomas, 
cholesterosis of the gall bladder, efc.). 

It is impossible to differentiate between aldehydes and ketones either by the use of 
blocking agents or by the other criteria described by Seligman. The reactivity of 
carbonyl compounds appears to depend on solubility and steric factors as much as, or 
more than, on their aldehydic or ketonic nature. 

The Seligman-Ashbel reaction, like all other carbonyl reactions, probably demon- 
strates aldehydic auto-oxidation products of unsaturated fatty acids (“rancid alde- 
hydes’’). There is an excellent topographic correlation between the intensity of the 
reaction and the amount of unsaturated fatty acid present. 


Discussion 


Dr. A. M. SEL1iGcMAN (Beth Israel Hospital, Boston, Mass.): Dr. Gomori has described 
some interesting experiments. He has shown that when sections of tissue are allowed 
to incubate under aerobic conditions in aqueous solutions for days at a time, carbonyl 
reacting materials appear in the lipid. Dr. Deane has recently made similar observa- 
tions with sections of rat ovary. Whether the carbony] lipid is precisely the same as 
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that unmasked by brief formalin fixation is not known. Similarity in appearance of 
histologic sections proves nothing. We do not know what the carbonyl material is, 
nor the mechanism by which it is produced. If one has used well fixed tissue, the 
oxidation to carbony! material is presumably not by an enzymatic mechanism. How- 
ever, no proof has been provided that the product is due to oxidation. It might be 
due to oxidation of unsaturated fatty acids, which would yield peroxides, and aldehydes. 
It might be due to hydrolysis of acetals and ketals. 

It would be important to know whether the carbonyl groups are aldehydic or 
ketonic. No proof is given for either case. The fact that Schiff reagent reacts 
certainly proves nothing, since this reagent is able to react with many classes of 
compounds (including those in the investigator’s hands) and the reagent is not specific 
for aldehydes. 

Dr. Gomori has gone to some trouble to discredit the reactions we have used for 
distinguishing simple aldehydes from simple ketones. His arguments are not con- 
vinecing because he has used periodic acid-treated sections to test the reactions for 
aldehydes. To be sure, aldehydic material is produced in sections by this reagent. 
However, the aldehydes so produced are not lipids but are oxidation products of the 
polysaccharides, and are more related to the reducing sugars than the aldehydes to be 
obtained from oxidation of fats. The chemical reactivity of such hydroxy aldehydes 
is entirely different from aldehydes such as palmital or stearal, which he held respon- 
sible for the carbonyl reaction a few years ago. The formazan reaction will not 
distinguish all ketones from all aldehydes. Glucose does not react like the simple 
aldehydes, and I am not surprised to learn that an a-keto acid such as pyruvic acid 
does not react like simple ketones. The point we were trying to emphasize at the 
time we developed the reaction was that simple straight chain unsubstituted aldehydes 
could be distinguished from similar ketones. We were particularly anxious to distin- 
guish the simple ketones and ketosteroids from the plasmal type of aldehyde which was 
claimed by several investigators to be responsible for the staining reaction in tissue. 
This we were able to do to our satisfaction. 

Dr. Gomori’s theory last year was peroxides. This year it is aldehydic oxidation 
products of unsaturated fatty acids. To establish his hypothesis he will need to do 
more than test our battery of distinguishing reactions on periodic acid sections. 

Dr. Glick has suggested that we were perhaps “sticking our necks out” to refer to 
the carbonyl! reaction as demonstrating ketosteroids. He is quite right. However, I 
believe we have been careful to indicate what was pretty much established fact and 
what was supposition; in other words, we were sure that we were demonstrating lipoid 
carbonyl, and we were pretty sure that we had demonstrated that most of the carbonyl, 
at least in the sites we explored, was ketonic rather than aldehydic. This does not 
mean that one can generalize that in all areas it will always be ketonic no matter 
what you do to the tissue. With every change in experimental conditions, it is 
necessary to establish the nature of the carbonyl group. To call the lipoidal carbonyl 
reacting material ketosteroid was supposition. Although other evidence for this 
supposition was suggestive, none of it was conclusive. We have tried to make this 
clear. In spite of this some authors (not present today) have “discovered” that the 
method we described was not specific for ketosteroid. No one has ever claimed that 
it was. We believe that ketosteroids are being demonstrated, others believe otherwise. 
Conclusive proof either way is still lacking. I suspect that final proof will depend on 
isolation and characterization of the stained lipoidal material in tissue sections. 

Dr. D. Guick (University of Minnesota): The only thing I had in mind there, Dr. 
Seligman, was the propriety of using the term in the title if it were not established. 
I think in Dr. Gomori’s presentation, he mentioned a lack of parallelism between the 
distribution of the ketosteroids and the staining. Do you know whether any quanti- 
tative work has been done to try to correlate the actual amounts of ketosteroids known 
to be in tissues with their staining ability? Have you carried out such control 
quantitative work? 

Dr. SELIGMAN: We have not, and I don’t know whether anyone has. Part of the 
difficulty is that we don’t know the actual amount of ketosteroid in the glandular 
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tissues. Isolation data of the past is obviously too low. Anything that is done to 
the tissue that departs from the usual procedure, such as letting it sit around for ten 
days in water, will undoubtedly lead to carbonyl material that will give the reaction. 
That is something else, and I don’t think it should be confused with the procedure 
as recommended. 

Dr. H. W. Deane (Harvard Medical School): In experiments analogous to Dr. 
Gomori’s, Mrs. Andrews and I have found the Ashbel-Seligman reaction when the 
Schiff reaction does not occur, and sometimes vice versa. 

One experiment suggests that the Schiff is due to peroxides of unsaturated fatty 
acids, and that the Ashbel-Seligman is due to ketonic groups. If we treat perfectly 
fresh, unfixed sections of ovary for two hours with water, we then get faint reactions 
by both methods. If we treat them for two hours with a dilute solution of iodine, we 
get absolutely no reaction with Schiff, but we get a more intense Ashbel-Seligman. 
This suggests that the Schiff-reactive substances are oxidized from unsaturated groups 
which are blocked by iodine, but that the lipids reactive with the Ashbel-Seligman 
method are not. If we wash unfixed sections overnight and then treat with iodine 
for a couple of hours, we get both reactions, so that apparently the oxidation has 
already occurred, so that the iodine is ineffective in preventing the Schiff reaction. 

Dr. C. P. LeBLonp (McGill University): A few years ago, Dr. Albert and I per- 
formed experiments similar to those which Dr. Gomori and Dr. Deane have reported. 
Formalin-fixed sections did not stain with the Schiff reagent if they were taken through 
the procedure using solutions made in boiled water and kept in closed containers to 
exclude air. If, after formalin fixation, the sections were kept overnight in an open 
dish, there would be intense reaction the next day. Apparently there was some rela- 
tion between the distribution of reaction and that of fats. This may be due to the 
formation of carbonyl groups from the fatty acid chains, as stated by Dr. Gomori. 
Other possible explanations should be carefully considered. Thus, in the mouse, the 
similarity between the distribution of the reaction before fixation (true plasmal reac- 
tion?) and after formalin fixation and exposure to air suggested that plasmalogen 
might be involved. The question still has to be definitely settled. 

At any rate, there is no similarity between the distribution of the reaction and that 
of steroids, as indicated by bio-assays of tissues and especially by the results obtained 
with injection of radioactive steroids. A number of experiments was carried out with 
R. D. H. Heard and R. Greulich with radioprogesterone, radioesterone and radio- 
desoxycorticosterone. Their distribution differed from the distribution of the stain- 
ing with fuchsin sulfurous acid. Dr. Gomori does not think that the reaction is due 
to steroids, and neither Dr. Seligman nor Dr. Deane seem too keen on holding that 
view. I think it would be useful to stop speaking of steroid reactions and ketosteroid 
distribution. 

Dr. M. Woutman (Hebrew University, Jerusalem): Miss Greco and I performed 
experiments at Dr. Lillie’s laboratory which yielded results comparable to those of 
Dr. Gomori. The Ashbel-Seligman and the Schiff reagents stained the same struc- 
tures, although they differed in their sensitivity to different blocking agents. In the 
ease of the Schiff-plasmal reaction, two different mechanisms are known to operate: 
the true plasmal, due to the splitting of plasmalogens, and the oxidative, or the pseudo- 
plasmal reaction, which can be obtained by immersion of sections in water. 

We found that the effect of formaldehyde was different from what Dr. Leblond indi- 
cated, because formaldehyde produced a positive reaction with both the Schiff and 
Ashbel-Seligman reagents in a very short time under anaerobic conditions. The 
reaction produced by formaldehyde is in our opinion different from the true plasmal 
and the pseudoplasmal, and is due most probably to the attachment of the formalde- 
hyde to double bonds, with the carbonyl group of the formaldehyde remaining free. 
The reaction could be inhibited almost completely by reagents which supposedly 
block or abolish double bonds, such as bromine and peracetic acid. 

Dr. Gomort: I would like to stress that no reaction is obtained with ketosteroids 
under the conditions of the histochemical experiment, even when the ketosteroid con- 
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centration in the fat is 5 percent, at least five hundred times as high as you can expect 
under natural conditions. 

I completely agree with Dr. Deane that the Schiff and the Seligman-Ashbel reactions 
are not absolutely the same. However, it would be very hard to describe just what 
the difference is. For instance, if you take formalin-fixed sections of sclerotic aorta 
and stain them right away, you get a very intense Seligman-Ashbel reaction and a 
very moderate Schiff’s. Then, as time goes on, the superficial layers start to stain with 
the Schiff reagent and the reaction moves inward. Later on, the deeper layers become 
stained also. By that time, in the superficial layers, the Seligman-Ashbel reaction 
starts to fade. Some oxidative process seems to be proceeding and passing optimum. 
I think the difference between the two reagents is not chemical but physical. The 
Schiff reagent is essentially aqueous and will penetrate only somewhat hydrophilic 
fats, whereas the Seligman-Ashbel reagent is mainly fat-soluble and actually also a 
fat stain. 

As to the effect of formalin, I agree with Dr. Leblond that it has a very prompt 
effect even under the exclusion of oxygen, and just before I left, I looked up the book 
by Walker on formaldehyde. In it, he states that formalin does combine with higher 
aldehydes to lengthen the chain. It is possible that it may combine with other similar 
or unsaturated groups. This may explain why formalin is such a powerful reagent in 
promoting carbonyl reactions. 





Apparent Identity of Pigmented Lipoid in Cells in Adrenal Gland and Interstitium of 
Testis of Mice Following Administration of Stilbestrol, H. I. Firmincer, 
National Cancer Institute, National Institutes of Health, Bethesda, Md. 


Abstract. A spectrum of histochemical and histophysical studies was made of the 
pigmented giant cells developing in the corticomedullary junction of the adrenal 
gland and in the interstitium of the testes of strain ‘‘C’”’ mice following administration 
of stilbestrol. The lipoid in these pigmented cells was compared and contrasted with 
that normally found in the adrenal cortex and interstitial cells of the testis and in 
interstitial cell tumors of the testis. Techniques included solubility in fat solvents, 
birefringence, fluorescence, sudanophilia, osmic acid, Schiff’s reaction before and after 
exposure to periodic acid, plasmal reaction, acid-fast staining, Turnbull blue reaction, 
nile blue sulfate staining, and phenylhydrazine reaction. The results indicate the 
ceroid nature of the lipoid filling the cytoplasm of these two morphologically similar 
cell types. The ceroid has the properties of an acidic lipoprotein with unsaturated 
bonds and containing carbonyl groups. It would appear to be an identical metabolic 
product of the reticular zone of the adrenal cortex and of the interstitial cells of the 
testis. This study thereby provides additional evidence of the close chemical and 
perhaps functional nature of the cells in the reticular zone of the adrenal gland and 
the interstitium of the testis. 

Discussion 


Dr. J. W. Witson (Brown University): A few years ago, we reported, after the in- 
jection of thorotrast, the accumulation of similar aggregates of macrophages in the 
junction between the cortex and the medulla of the adrenal. That probably supports 
Dr. Firminger’s suggestion that there is phagocytosis involved here. Is any of this 
material found in macrophages anywhere else in the body? As you know, ceroid 
appears in the cirrhotic liver in macrophages, and these may form giant cells, too. 

Dr. J. F. A. McManus (University of Virginia): In pathology, whenever we have 
gone to the trouble of defining the term ‘“‘degeneration,’’ it is called an injury of the 
cell, short of necrosis, from which it can recover. Histochemistry is suggesting that 
those things that we have been calling ‘‘degenerations”’ are actually different metabo- 
lie stages in the cell. I wonder if Dr. Firminger would agree with that interpretation 
of this ‘‘brown degeneration.” 


1 Present address: Department of Pathology and Oncology, University of Kansas Medical Center, Kansas 
City 12, Kans. 
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Also, I would like to ask whether the kidney tubules showed a similar pigmentation. 

Dr. R. D. Liviu (National Institutes of Health): I did performic and peracetic 
Schiff reactions on some of Firminger’s material and fully confirm his findings. 

On liver ceroid I also found a positive phenylhydrazine reaction. I am not sure 
that this is due to carbonyl formed by conversion of fat peroxide. Perhaps the phe- 
nylhydrazine actually enters the double bond. In a recent test-tube experiment we 
found that on mixing molar proportions of phenylhydrazine and allyl alcohol and al- 
lowing to react for 24 hours, the bromine consumption of the mixture was reduced by 
over 90% from that consumed by the two reagents separately. This interaction does 
not occur in the 5 or 10 minutes which we allow for Schiff reagent on peracetic oxidized 
ceroid. 

Dr. W. G. B. CasseLmMan (University of Toronto): Dr. Firminger suggested that 
ceroid might be a lipoprotein. However, neither the hepatic ceroid in choline-deficient 
rats nor the uterine pigment in vitamin E-deficient ones gives positive protein reactions. 
Pure, unsaturated fatty acids which have undergone autoxidation in the absence of 
protein are histochemically indistinguishable from the hepatic ceroid and, apparently, 
from the pigment which he has just described. These observations suggest, rather, 
that ceroid is more probably not a lipoprotein. 

Dr. H. W. Deane (Harvard Medical School): Dr. Fawcett and I have a paper coming 
out in the Anatomical Record which describes spontaneous pigmentation of the ovaries 
of old mice of several different strains. The ovarian pigment, which I suspect is 
identical with the testis pigment, gives the Schultz cholesterol reaction. After this 
morning’s talks, I realize that this is a debatable reaction, but nevertheless ceroid 
in the liver or in uterine macrophages does not give a Schultz reaction. It would 
seem that polymers of lipid material include steroids when they arise in steroid- 
producing cells. 

Dr. W. 8S. Hartrort (University of Toronto): We have found that the ceroid de- 
posited in the cirrhotic livers of choline-deficient rats may form a coat around individ- 
ual red blood cells. Aggregates of such ceroid-coated red cells may sometimes coalesce 
into even larger masses. We have seen a similar process in atheromatous lesions of 
human subjects, and have called such composite material, hemoceroid. It is quite 
possible that ceroid in any position in the body may become contaminated by sur- 
rounding tissue substances or chemicals, and this should be remembered in interpret- 
ing any histochemical reactions of the pigment, for it may thus be a contaminated, 
and not a “pure,”’ substance. 

Dr. Firmtncer: Dr. Wilson, certainly ceroid is found in many areas in the body 
other than those I have described. Dr. Deane has indicated finding it in the ovaries, 
and this has been reported in human ovaries by Reagan, notably in the region of the 
corpora lutea, particularly atretic corpora lutea—Dr. McManus, degenerating copora 
lutea. Then, it is also found very soon in macrophages in the same mice that I was 
describing, in the retroperitoneal and periaortic lymph nodes which drain the testes. 
Dr. Lillie has listed a whole series of tissues in which he has found ceroid—liver, lung, 
spleen, and so on. 

Dr. McManus, I feel very definitely that ceroid probably represents metabolic 
or degenerative products of certain lipoids, and it is a mechanism by which the body 
handles those lipoids. It handles this lipoid very poorly, because these ceroid-con- 
taining cells stay in the areas where they develop and in the draining lymph nodes 
for long periods. 

With reference to the kidney, that is a problem that has tantalized mea bit. Cer- 
tainly, embryologically, it is very closely related to the development of both gonads 
and adrenals. One finds brown pigment not only in the kidney but also in the seminal 
vesicles and in the epidydimis and elsewhere in the genitourinary tract, and that 
pigment is something I would like to study more carefully in relation to ceroid some- 
time in the future. 

Dr. Lillie’s remarks were gratifying in that he, too, had got the same reactions we 
had. I am interested to hear his suggestion that phenylhydrazine may be entering 
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into the double bonds. This is a new concept to me. Certainly, the evidence which 
he presents does suggest that. 

Dr. Casselman, I was primarily interested in whether protein could be included as 
an impurity in cod-liver oil, but I agree that certainly one can get the characteristics 
of ceroid without protein, and I am willing to give up on the idea that ceroid is a 
lipoprotein. I think the likehood that it is a polymer is the best theory at the moment. 

Dr. Deane, I have already mentioned the work of Reagan, which you no doubt 
know. I have not had good luck with the Schultz reaction and I cannot give you a 
definite answer as to what the Schultz reaction gives with this material in the testis 
and adrenal. 

Dr. Hartroft, I am acquainted with your publication in Science about the formation 
of ceroid in vitro with red blood cells, and I was interested in it because I think the 
work of Dr. Lillie and others has suggested that this is an oxidative phenomenon of 
unsaturated compounds, and I think that the red blood cells and hemin, perhaps, 
can act as catalysts in conveying oxygen to these unsaturated compounds in oxidizing 
them to peroxides and ceroid-like substances. 





A New Histochemical Reaction for Polysaccharides. R. E. Mancini and M. A. 
Ercueverry,! Instituto Nacional de Endocrinologia, Buenos Aires, Argentina. 


Abstract. Experiments in spot-test have been made and we observed that acid 
solutions of sodium tungstate are rapidly reduced by ultraviolet light in the presence 
of mono-, di- and polysaccharides. A deep blue compound, probably an intermediary 
tungsten oxide is formed. The reaction is weaker and takes place slowly in the pres- 
ence of other organic compounds (cholesterol, fatty acids, nucleic acids, ascorbic 
acid, etc.) and is negative with some amino acids and proteins (tryptophan, tyrosine, 
casein, peptone, serum albumin, efc.). A few experiments showed that starch and 
glycogen under the conditions of the reaction were partially disintegrated as indicated: 
a) the iodine reaction was less intense, and b) copper salts were reduced by the reaction 
products. Also experiments were made in order to determine the influence of differ- 
ent pH and wave lengths, other salts, metals and ozone. The mechanism of the 
reaction is yet unknown; probably reduction of sodium tungstate is due to the forma- 
tion of aldehydes in the glycol groups of the saccharides, by the simultaneous action 
of the ultraviolet light and acid medium. The reaction described was applied to slides 
of animal and plant tissues in order to demonstrate polysaccharides. After fixation 
in Carnoy’s, Bodian’s, or Bouin’s fluid, the deparaffinized sections were hydrated in 
successive alcohols and then immersed for 5 minutes in the following reagent: 10% 
sodium tungstate 1 ec., 43 N sulfuric acid 1 cc., and distilled water 7 cc. The slide 
is dried in the air and then exposed to the ultraviolet lamp for 5 to 7 minutes. Then 
the slide is immersed directly in xylol, and mounted in balsam. The reaction is 
positive only for structures containing cellulose, starch, chitin, glycogen, hyaluronic 
or chondroitin- or mucoitin-sulfuric acid; other polysaccharides presumably contained 
in basal membranes, collagen fibers, thyroid colloid, and basophil cells of the hypophysis 
are also selectively stained blue. Counterstaining is not possible because the blue 
compound formed is soluble in water and alcohol and also fades. After longer ultra- 
violet exposure, nuclei and Nissl substance react positively. 


Discussion 


Dr. G. Gomori (University of Chicago): I can subscribe to Dr. Mancini’s statement 
as to the specificity of this reaction. It is also relatively easy to perform. However, 
it offers great disadvantages. The shade produced is usually just a dark sky blue, 
not nearly as brilliant as the Schiff reaction. Second, even if mounted in an absolutely 
anhydrous medium, it fades very rapidly. I do not believe that it will work for 
electron-microscopic studies since the tungstic acid is taken up diffusely. It is only 
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in the polysaccharides that it is reduced to blue oxide, but the heavy tungsten metal 
is present all over. 

Dr. R. E. Girece (McGill University): Does this method give positive reactions 
with hyaluronic acid and heparin? 

Dr. Mancini: Hyaluronic acid gives a positive reaction in vitro, as well as in inter- 
costal and synovial membranes. 

Dr. Guieaea: It has been shown by Glegg, Clermont and Leblond (J. Nat. Cancer 
Inst. 12: 228, 1951) and Davis (Stain Technol. 27: 1, 1952) that films of hyaluronic 
acid gave negative periodic acid-Schiff reactions. The sodium tungstate technique 
may therefore be valuable for demonstrating the presence of this material in histologic 
sections. 





Lead Tetra-acetate Oxidation of 1,2 Glycols in Histochemistry... R. H. Jorpan? and 
J. F. A. McManus, University of Virginia Medical School, Charlottesville, Va. 


Abstract. Lead tetra-acetate (PbAcs) was introduced by Criegie in 1933 as an 
oxidant for 1,2 glycols. As in periodic acid oxidation, polyaldehyde is formed. It 
was thought desirable to adapt PbAc, to histochemistry. 

A stock solution is prepared of PbAc, in glacial acetic acid. This is stable for months 
orlonger. In the use of PbAcy as an oxidant, the problem is to complete the oxidation 
by the PbAc, before decomposition has occurred and without maceration of tissue. 
This has been accomplished by using a solution of sodium acetate in dilute acetic 
acid as a diluent for the PbAc, stock. 

All of the structures coloring by the periodic acid-Schiff’s (PAS) method are colored 
by Schiff’s reagent after PbAc, oxidation. Oxidation time is 30 to 120 seconds. The 
results are described and illustrated. 

The PbAcs-Schiff’s method is considered important in several respects: 1) the 
structures coloring by the PAS method in tissue sections are colored by Schiff’s reagent 
after oxidation by PbAcs, another specific oxidant for 1,2 glycols; 2) difference of 
reaction rates between periodic acid and PbAc on specific carbohydrates may permit 
a histochemical differentiation to be made; and 3) the rapidity of PbAc: oxidation 
restricted to 1,2 glycols allows the study of carbohydrates in tissue sections where an 
oxidizable material (e.g., CoS) is present. 


Discussion ° 


Dr. McManvs: I believe this is another example of what Dr. Mowry has done. 
The solvent in which the oxidant is dissolved is very important. With other solvents 
besides glacial acetic, one gets different rates of oxidation of different tissue elements. 
I am not sure that the different materials are oxidized. 

Dr. R. W. Mowry (National Institutes of Health): I can confirm everything that Dr. 
Jordan has said about the use of periodic acid in glacial acetic. In our hands, it seems 
be just as good as lead tetra-acetate. There is a difference in the rate at which various 
materials will be oxidized. Further, some materials that stain with periodic in acetic 
are not stained with aqueous periodic. Such materials may be soluble in water, but 
not in acetic. 





The Use of Lead Tetra-acetate to Investigate the Significance of the Periodic Acid— 
Fuchsin Sulfurous Acid (PA-FSA) Reaction. R. E. Gieaca,? Y. CLermMont? and 
C. P. Lesitonp, McGill University, Montreal, Canada. 


Abstract. In order to identify with more certainty the types of radicals responsible 
for the PA-FSA reaction, the periodic acid has been replaced by lead tetra-acetate 
(LTA), an oxidant with similar though not identical properties. The PA-FSA and 
LTA-FSA techniques have been applied to sections of a wide variety of rat tissues. In 
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both cases purple to violet colorations (typical of the reactions between fuchsin sul- 
furous acid and aldehydes) were obtained. The same qualitative distribution of posi- 
tive reactions was observed with both techniques, but the intensities of various reac- 
tions differed between the two methods in a consistent manner. 

An attempt was made to interpret these results on the basis of the known differences 
between the products obtained from periodic acid and lead tetra-acetate oxidation of 
certain radicals at room temperature. It is known that 1,2-glycols usually yield two 
aldehyde groups with both oxidants, a-amino alcohols yield two aldehydes with periodic 
acid, but only one with lead tetra-acetate, and a-hydroxy acids react only with lead 
tetra-acetate. 

Accordingly, the similar qualitative distribution with the two techniques provides 
confirmatory evidence that the PA-FSA reactions were due to 1,2-glycols and a-amino 
alcohols. The areas reacting less intensely with PA-FSA than with LTA-FSA (some 
types of mucus) might contain a-hydroxy acids. The areas reacting more intensely 
with PA-FSA than with LTA-FSA (reticulin fibers, basement membranes) might 
contain mainly a-amino alcohol groups. 

On the other hand, the rate of oxidation with lead tetra-acetate may have been an 
important factor responsible for the differences in intensity between the two methods. 
Thus glycogen, which reacted readily with periodic acid, was not stained after oxida- 
tion with lead tetra-acetate for 4 hours at room tenrperature although all other ma- 
terials reacted. However, glycogen in liver, cartilage and muscle cells stained intensely 
after oxidation with lead tetra-acetate at elevated temperatures. 


Discussion 


Dr. A. W. PotutstTeR (Columbia University): It is evidently a serious problem in the 
use of the periodic acid reaction to determine something of the specific nature of the 
reactive substance. Dr. Mancini in our laboratory this year has been exploring the 
question of approaching this specificity by detailed analysis of the absorption curves by 
microspectrophotometry of cells and tissue components. 

On comparison of absorption spectra curves of 6 goblet cells of the intestine, they are 
found to resemble each other closely. A similar consistency is found on repeated 
observations with other substrates. 

The absorption maxima remain near 565 my with all curves, but the D 540/D 590 
ratios range from 1.13 for glycogen to 1.51 for vitreous humor (probably hyaluronic 
acid). Cellulose of plant cell walls and mast cell granules give quite similar spectra and 
ratios, but the spectral analysis appears to distinguish starch, glycogen, or chitin from 
the polysaccharide esters, and in the latter group distinct curve types are recognized, 
probably indicating different substrates. Capsular and intercapsular cartilage matrix 
appear distinguishable, perhaps because of the two chondroitin sulfates distinguished 
by Meyer and Rapport (Science 113: 483, 1951). 

When used in conjunction with specific digestibility, solubility, and other reactions, 
and knowledge of the major biochemical fractions of the particular tissue, absorption 
spectroscopy of the PAS reaction may serve to narrow the range of possible reactants 
for the visible reaction in that tissue. 

Dr. R. W. Mowry (National Institutes of Health): I would like to offer another ex- 
planation for the differences shown between the results of staining in aqueous periodic- 
Schiff and those of lead tetra-acetate in acetic followed by Schiff. If you use periodic 
acid in 90% alcohol and compare sections so treated with others treated in aqueous 
periodic, gland neck mucin of stomach is stained after alcoholic periodic but not after 
aqueous periodic. I think it likely that this particular mucin is dissolved by aqueous 
periodic. 

Dr. R. H. Jorpan (University of Virginia): We can go along with quite a bit of the 
work that Dr. Glegg has presented, but we do feel that the differences that he has ob- 
served may be a measure of the ability of glacial acetic acid to penetrate the structures 
involved. There are many variables present, the tetra-acetate versus periodic, the 
solvent, and the time of oxidation. We have also found, as Dr. Mowry just-mentioned, 
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that a longer oxidation time with HIO, and also lead tetra-acetate in glacial acetic acid 
will give a staining of the glycogen granules. 

Dr. C. P. LeBLonp (McGill University): In regard to the comments of Dr. Pollister, 
I was rather surprised that he attributed the reaction given by cartilage to chondroitin 
sulfuric acid and that given by certain eye structures to hyaluronic acid. 

In the case of cartilage, the situation is complex: two kinds of reactions with PA-FSA 
and LTA-FSA have been described by Dr. Glegg, who suggested that they were due to 
two different polysaccharides. Neither of these is chondroitin sulfuric acid, since this 
substance is presumably located in the regions of the cartilage showing basophilia and 
metachromasia, both of which are removable with hyaluronidase (which is known to 
hydrolyze chondroitin sulfuric acid itself). 

In the case of the eye, there is some doubt as to the reactivity of the hyaluronic acid 
present in the aqueous humor, since the film test which Dr. Glegg described last year at 
the Histochemists’ meeting gave negative results with hyaluronic acid. 

Dr. Gueaa: It is possible, as Dr. Jordan suggests, that the reactivity of glycogen 
and starch at higher temperatures may be an effect produced by the action of acetic 
acid. In addition these substances contain a-glycosidic linkages, while cellulose 
has 8-glycosidic linkages, so that the differences in reactivity may be due to steric 
factors, and have no relation to the presence of acetic acid. 

I think it is unlikely that the mucin from the lower regions of the crypts was 
selectively dissolved (as Dr. Mowry suggests). But even if this were true it would 
still confirm my opinion that there is a difference between the mucin in the upper 
and lower regions. 

Dr. A. Lazarow (Western Reserve University): Dr. Pollister’s use of the com- 
parison of absorption densities at two different specified wave lengths, while useful 
with pure compounds and pure solutions, may lead to a great deal of trouble when 
working with tissues. There are so many complicating factors which may modify 
the shape of a curve, that it is a little dangerous to use E,/E; ratios to signify different 
chemical nature of tissue components. There may also be light scattering as the 
shorter wave lengths are approached. 

Dr. J. F. A. McManus (University of Virginia): I think these papers and the 
ones to follow will do a great deal toward separating the groups of materials which 
color with the PAS method. We have a general reaction the conditions of which 
may be modified, and the auxiliary methods, like the lead tetra-acetate, will add 
to our information. 

Dr. R. D. Liture (National Institutes of Health): Regarding the solubility of 
the colonic mucin in water as an explanation for the lesser reaction after periodic 
acid than after lead tetra-acetate, this may be discounted, as the intensity of staining 
with metachromatic dyes—toluidine blue, safranine, thionine and the like—appears 
to be converse to the periodic-Schiff intensity. Some years back I interpreted these 
phenomena as an expression of a greater polymerization of colonic mucin. 

This suggestion of alpha-hydroxy-carboxylic acids and alpha-amino-alcohols 
reacting to the tetra-acetate is attractive and merits exploration. 





Histochemical Methods for Water-Soluble, Alcohol-Insoluble Polysaccharides and 
Other Substances Oxidized to Aldehydes by Periodic Acid. R. W. Mowry, 
National Institutes of Health, Bethesda, Md. 


Abstract. The periodic acid-Schiff reaction has been applied to the histochemical 
study of substances dissolved by the aqueous reagents in common use. Mowry, 
Longley, and Millican recently reported (J. Lab. & Clin. Med. 39: 211, 1952) the 
demonstration of dextran, a water-soluble polysaccharide, by means of periodic-Schiff 
reagents made in 70% alcohol instead of water. By similar methods, McManus has 
observed aging changes in the solubility of periodic-Schiff positive material in the 
human aorta, perhaps similar to the changes of ground substance studied in detail by 











PROCEEDINGS OF THE HISTOCHEMICAL SOCIETY 931 


Gersh. It seemed worthwhile to explore the use of alcohol levels higher than 70% 
for the periodic-Schiff reaction. 

The following were studied: 1) the effects of increasing concentrations of alcohol 
on the oxidation of various substances by periodic acid; and 2) methods for the 
demonstration of aldehydes following oxidation by periodic acid in alcohol. 

Individual substances show wide variations in rates of oxidation by periodic 
acid in alcohol. However, it appears that even absolute alcohol can be used for 
periodic acid oxidation if the time of treatment is greatly increased. 

After prolonged oxidation by periodic acid in alcohol, some substances that 
were previously water-soluble become insoluble and permit the use of aqueous leuko- 
fuchsin (Schiff) for their demonstration. However, other substances remain water- 
soluble after oxidation and require the use of an alcoholic aldehyde reagent. Effective 
solutions of leukofuchsin in acid alcohol can be made with aqueous Schiff reagent 
up to levels of 80-90% alcohol. In higher levels of alcohol, leukofuchsin is sparingly 
soluble and too dilute. As Schiff reagent diluted with alcohol stained aldehydes 
selectively in spite of extensive recolorization, fuchsin in alcohol was tested as an 
aldehyde reagent. Aldehydes are stained by fuchsin in alcohol and are quite 
resistant to extraction by acid alcohol. The last method permits demonstration of 
aldehydes in levels of alcohol as high as 98%. 


Discussion 


Dr. G. Gomori (University of Chicago): What is the average molecular size 
of the dextran? If it were about 15,000 or so, one could simply protect the section 
with a collodion film and in this way retain the dextran. 

Dr. Mowry: Thank you, Dr. Gomori, for your comment. We have been 
using clinical dextran that has a molecular weight of about 80,000, plus or minus 25,000. 
We felt that a colloidal film might be useful. I have tried it a few times and did 
not have any luck. Perhaps I did not use it correctly. 





Vapor Fixation of Frozen Sections for the Preservation of the Mucoid Ground Sub- 
stance of Wharton’s Jelly... ExizapetH H. Lepuc and G. F. Opuanp,? Harvard 
Medical School, Boston, Mass. 


Abstract. Wharton’s jelly, the mucoid ground substance of the human umbilical 
cord, undergoes extensive shrinkage and assumes a fibrillar appearance when blocks 
of the tissue are fixed by immersion in aqueous or alcoholic fixatives and embedded 
in paraffin, whereas it is preserved as a homogeneous matrix without shrinkage when 
the tissue is frozen, sectioned in a Linderstrgm-Lang type of cryostat, and dried on 
slides in an air stream or over phosphorus pentoxide. After subsequent fixation of 
the frozen-dried sections by immersion in aqueous or alcoholic fixatives, or best of all 
in ether-formol, Wharton’s jelly exhibits metachromasia upon staining with toluidine 
blue. Nevertheless, the maximal, and histologically most satisfactory, metachromatic 
reaction of the mucoid ground substance is obtained after fixation of frozen-dried 
sections in vapors of osmium tetroxide, formaldehyde, ether, or ether-formol. Too 
prolonged exposure to osmium tetroxide or formaldehyde should be avoided because 
these fixatives increase the orthochromatic staining of cells and fibers, a result which 
tends to obscure the metachromatic staining of the ground substance. 


Discussion 


Dr. C. P. LeBtonp (McGill University): Our experience has been that collagenous 
fibers do not stain with the periodic acid-fuchsin sulfurous acid technique, or at least 
do not stain any more than in control slides taken through fuchsin sulfurous acid 
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without previous oxidation in periodic acid. However, there may be a slight staining 
of the ground substance, as well as the reticulin fibers. 

The vapor fixation technique which you describe offers an improvement in pre- 
venting the diffusion of the ground substances, but I wonder whether the metachro- 
masia is not just as intense in Orth fixation. 

Dr. E. P. Benpitt (University of Chicago): We have examined both umbilical cord 
and cock’s comb prepared by the freezing-drying technique, and one gets quite a 
different pattern from that shown by Dr. Leduc. The frozen-dried preparations 
must be prefixed before exposure to water because the hyaluronic acid and many other 
things are still quite soluble. We fixed them for about sixteen hours in 90 percent 
alcohol, then stained them with aqueous toluidine blue and observed quite brilliant 
metachromasia. The metachromatic material was in a fine granular form between 
the fibers and around the cells. 

The periodic acid-leukofuchsin reaction gives much more diffuse staining. One 
can remove the metachromasia in such sections by incubation with testis extract, but 
one cannot remove the staining with periodic acid-leukofuchsin. There is apparent 
a great deal of diffusion artefact in sections prepared by the method described by 
Drs. Odland and Leduc. The fact that the sections were frozen, mounted on the 
slide, and then allowed to thaw at room temperature allows considerable opportunity 
for diffusion to occur. The smearing of the metachromasia, covering even some of 
the cells, is evidence of this diffusion process. 

It should be stressed that the sections made following freezing and drying are 
mounted dry by finger pressure and warming, so that there is no contact with any 
aqueous solution until following the deparaffinization in petroleum ether and the fixation. 

Dr. Lepvuc: I agree that the step involving thawing of the section is a very dangerous 
one, and I expect that is where most of the diffusion that we see occurs. 

Occasionally, we have found ground substance granular and wondered if, perhaps, 
some of the glycogen had diffused into the pool, thereby leaving the granular 
appearance. 

Dr. Benpittr: Glycogen doesn’t stain with the toluidine blue to any extent, whereas 
the hyaluronic acid and chondroitin, or whatever it is in these tissues, does stain very 
well. The glycogen is not touched by the testis extract. 

Dr. Lepuc: I suspected that the glycogen had dissolved out or simply was un- 
stained, whereas the remaining ground substance had stained with toluidine blue. 


———— 


Fuchsin-Aldehyde Staining of Sulfated Mucopolysaccharides and Related Substances. 
8S. K. Aput-Has! and J. F. Rinewart,! University of California Medical School, 
San Francisco, Calif. 

Abstract. We have recently described a modification of the Hale technique for 
histologic demonstration of acid mucopolysaccharide in tissues. With the object of 
differentiating sulfated and nonsulfated mucopolysaccharides, we have applied the 
principles involved in the Schiff procedure. The Schiff technique is designed primarily 
for demonstration of the aldehydes by treatment of sections, after oxidation, with a 
sulfurous acid-treated basic fuchsin. In the present procedure aldehyde-treated basic 
fuchsin (fuchsin-aldehyde) is utilized to demonstrate organically bound sulfate in 
tissue. While the procedure was being studied, Gomori reported that a basic fuchsin + 
paraldehyde mixture showed particular affinity for elastic tissue and the granules of 
beta cells in the islands of Langerhans. We have utilized an acetaldehyde + basic 
fuchsin mixture which has given somewhat more consistent results. 

Evidence is presented which indicates that the fuchsin-aldehyde stains sulfated 
mucopolysaccharides and related substances. The procedure is particularly effective 
in demonstrating elastic tissue and delineating extremely delicate fibers not well 
shown by the classic techniques. The basis of the affinity of fuchsin-aldehyde for 
elastic tissue and the beta granules in the islands of Langerhans is briefly considered. 
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Discussion 


Dr. G. Gomori (University of Chicago): It is dangerous to compare the results or 
the specificity limits of two staining methods, neither of which are understood. The 
colloidal iron methods certainly stain a number of mucinous or mucinlike substances, 
but not all of them, and I just can’t specify which are the ones that react positively 
and which are the ones that react negatively. 

As far as the aldehyde-fuchsin stain is concerned, we have no chemical background 
to explain it. There is no doubt that it stains elastic fibers, mast cells, and so on, but 
not all of the mucins. Only part of the mucin which is metachromatic with toluidine 
blue and stains with mucicarmine is stained by aldehyde-fuchsin. 

We have no data whether or not the pancreatic islet cells contain sulfates. I cannot 
agree that their staining is blocked by mercury salts. 

Dr. W. Joreu (University of Oklahoma): We had little success with the Hale col- 
loidal iron method. Dr. Rinehart, you and Abul-Haj have had wonderful results, but 
how specific is the method? Sometimes mucous glands stain with the iron, some- 
times with the Mc Manus stain. 

We have had really successful results in demonstrating fungi with colloidal iron, 
much better than with the Kliegman-McManus variant. We have added an orcein 
counterstain which demonstrated elastic fibers weaving through the acid mucopoly- 
saccharides. 

Dr. R. D. Liture (National Institutes of Health): The extent of iron absorption by 
tissues, whether demonstrated with ferrocyanide or with silver, becomes more re- 
stricted in its distribution if the pH level is raised. The Hale colloidal iron solution 
is quite acid. You have pH measurements on it, don’t you, Dr. Rinehart? 

Dr. Rinenart: It is very acid, the solution that we used. 

Dr. Litutse: Yes, so I would expect a different distribution than with a pH 5 ferric 
mannitol solution, which we used some years ago. 

Dr. Rrvewart: I cannot agree with Dr. Gomori that the fuchsin-aldehyde technique 
has no chemical basis. The same principle is utilized as is involved in the Schiff 
reaction, except that we are using two of the reagents (fuchsin and aldehyde) to de- 
monstrate the organically bound sulfur. 

That certain mucins do not stain with fuchsin-aldehyde is quite clear. Perhaps 
they do not contain sulfate. Insulin does, of course, contain sulfur. 

I do not claim specificity for the colloidal iron stain. The high pH of our colloidal 
iron has rendered it somewhat more specific in staining acid mucopolysaccharides 
than the original Hale reagent. 





The Staining of Mucopolysaccharides, with Particular Reference to Those of Cock’s 
Comb. J. B. Loneuiey,! National Institutes of Health, Bethesda, Md. 


Abstract. The findings of Lillie et al. (Arch. Path. 52: 363, 1951) show the error 
of the belief that demonstration of metachromatic material lysed by bull testis hy- 
aluronidase is a histochemically valid method for hyaluronic acid. Re-examination 
of the histochemistry of hyaluronic acid has thus become a necessity. The resolution 
of conflicting reports concerning the properties of hyaluronic acid have an important 
bearing on the theoretical basis of metachromasia, the structure of acid mucopoly- 
saccharides, and the constitution of ground substance. Investigation of some phases 
of this problem will be reported. 

The striking metachromasia of the ground substance has resulted, at least in the 
published literature, in the overshadowing of the considerable number of empirical 
methods which demonstrate this tissue element in suitable material. The cock’s 
comb, of which the greatest proportion is ground substance, is outstanding among the 
relatively few tissues in which it is prominent. After treatment with various agents, 
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the response seen in sections of this organ with these methods permit conclusions to 
be drawn concerning both the nature of the ground substance and the methods them- 
selves. 

A new reaction of the ground substance has been found using the modified periodic 
acid-Schiff reaction of Mowry et al. (J. Lab. & Clin. Med. 39: 211, 1952) for water- 
soluble-alcohol-insoluble substances. Further observations on the significance of this 
property will also be presented. 

Discussion 


Dr. E. P. Benvirr (University of Chicago): Drs. Schiller, Dorfman and I have a paper 
now in press which deals with the changes in the ground substance of the cock’s comb 
under the influence of testosterone and cortisone. We studied the extractable hexos- 
amine content, using it as an indicator of polysaccharides present, and compared that 
with the metachromasia of frozen-dried sections. There was no correspondence 
between the periodic acid-Schiff reaction and metachromasia, but there was good 
correspondence between the amount of metachromasia and the quantity of hexosamine 
which was extractable. 

If one boils testis extract, as Dr. Lillie described in the Archives of Pathology recently, 
one finds that there is a sharp reduction in the capacity to depolymerize chondroitin 
sulfate, but there may be as much as 25 to 30 percent of the chondroitinase activity 
left. We were able to show that the capacity to remove the metachromasia of cartilage 
paralleled the chondroitinase activity in the test tube. Drs. Matthews and Dorfman 
found that the reduction in both chondroitinase and hyaluronidase activities ran 
parallel, and that even after 30 minutes’ boiling, 15 percent of the activity remained. 





Reduction in Metachromasia of Cartilage as an Indicator of Chondroitinase Activity. 
E. P. Benpitr! and J. E. Frencu,! University of Chicago Clinics and the La Rabida 
Sanatarium, Chicago, Ill. 


Abstract. The reduction of metachromatic staining of cartilage by prior incubation 
in tissue extracts containing protein is not necessarily dependent upon the presence of a 
specific chondroitinase. Testis extract (T. E.), malt extract (M.E.), or histone (H.) 
will reduce subsequent staining with toluidine blue. In each case a different mecha- 
nism is involved. The activity of T. E. on tissue sections is associated with a demonstra- 
ble increase in hexosamine concentration in the incubating medium and an ability to 
depolymerise chondroitin sulfate in the test tube. M. E. will not depolymerise chon- 
droitin in the test tube but will liberate into the incubating medium a polysaccharide 
from the tissue sections. The presence of this polysaccharide in solution is shown by 
the hexosamine content, by the development of turbidity with acidified albumin, and 
by reduction of this turbidity following treatment with T. E. Histone solutions at 
pH 5.3 also reduce the metachromatic staining of cartilage. In this case there is no 
increase in hexosamine in solution and H. has no capacity to depolymerise chondroitin. 
On the contrary it precipitates it. From this evidence it is concluded that the reduc- 
tion of metachromasia may be due to at least three mechanisms: 1) The action of a 
specific chondroitin depolymerase (T. E.). 2) The release of a polysaccharide from its 
combination with other tissue substances (M. E.). 3) The combination of a protein 
carrying a residual positive charge with chondroitin sulfate thereby preventing subse- 
quent combination with the basic dye (H.). 


Discussion 


Dr. R. D. Linu1 (National Institutes of Health): This is a very interesting clarification 
of what happened when we put our crude diastase onto deparaffinized sections. We 
knew there was something probably proteolytic in that we could get destruction of 
ribonucleic and, to some extent, nuclear staining as well. 

Dr. R. E. GLece (McGill University): Does the method which you use determine 
glucosamine or galactosamine? 


1 By invitation, 
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Dr. Benpitt: Hexosamine was determined by our modification of the Morgan-Elson 
method. This does not distinguish between glucosamine and galactosamine. One 
could make the distinction if one wished. We did not see the necessity in these experi- 
ments. 





Instrumentation for Analytical Cytology. R.C. Metuors, Sloan-Kettering Institute, 
New York, N. Y. 


Abstract. Two developments in instrumentation for cellular analysis by physical 
methods are described: 1) a so-called universal microspectrometer for absorption 
analysis in the wavelength region from 0.2 to 15 4; and 2) a microphotometric scanner 
for emission (fluorescence), visible absorption, and dimensional (cytometric) analysis. 

1) is used to characterize the absorption spectra of certain pigments which occur in 
tissue cells. An analysis is made of submicrogram quantities (order of 10-” gm.) of 
relatively pure materials, such as the hemoglobins, hematin, bile pigments, ferritin and 
hemosiderin. A study is then made of these pigments as they occur in individual cells 
(samples of the order of 10 in thickness and 4 y? in cross-sectional area), particularly 
when there is a preponderance of one or another substance. 

2) is applied to the problem of the differential detection of cells in smears stained 
with a fluorochrome. 


Discussion 


Dr. J. W. Witson (Brown University): The numbers 2, 4, and 8 would presumably 
imply something in the nature of polyploidy. As you know, in the liver of the mouse, 
we have a similar phenomenon. Do you have any evidence for polyploidy in the size 
of the nuclei or any other indication that it may be present? 

Dr. C. LEUCHTENBERGER (Western Reserve University): Dr. Mellors, how do you 
differentiate between the ribose nucleic acid and the desoxyribose nucleic acid in the 
nuclei at 2570 A? 

Dr. 8S. Mupp (University of Pennsylvania): Dr. Mellors, can you explain more fully 
what chemical substances in the cells emit what kind of radiation? 

Dx. MEttors: In relation to these findings on nucleic acid per nucleus, it is of inter- 
est to inquire into the relative sizes of normal and cancer cells. Ehrich has reported 
that the squamous cancer cell has a volume which is 2 and 4 times that of the normal 
squamous cell. Our measurements or estimations of nuclear volumes in this material 
also show that the cancer cell has about twice the nuclear volume of that of the normal 
cell. 

Now, it is an age-old thought that the nuclear volume of a cell bears a relation to 
its chromosome number. Aside from the existence of various orders of polyploidy, 
there is another factor that may account for an increase in nucleic acid content in the 
squamous cancer cell. I refer to a process similar to endomitosis in which the chromo- 
somes increase in volume and in mass, without actual division. Dr. John Biesele has 
performed a number of measurements of chromosomal volume in normal and in neo- 
plastic cells and has found that the chromosomal volume is greater, by a factor of some 
2 or 4, in certain cancer cells as compared to normal cells. Collectively these data 
indicate that the basic concept of growth by reduplication of mass is applicable to 
cancer cells. 

The chemical data under discussion apply to the total nuclear nucleic acids, that is, 
to the content of desoxyribose and ribose nucleic acids. 

With reference to the question on the possible uses of a microscanner, the simplest 
application is in the determination of the number of opaque particles uniformly dis- 
tributed over a certain area. The next possibility is to determine the diameters of 
these particles; that is, one may obtain a frequency distribution curve for the number 
of particles that have certain ranges of diameters. 

A third application is this: in the case of the red cell, which can be optically idealized 
to become a sphere and not a biconcave disc, measurements of the area together with 
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the optical density at the Soret band will give the hemoglobin content of each individual 
red blood cell. 

A final application is in the scanning of cells for certain levels of light emission in the 
fluorescence microscopy of smears of exfoliated cells. 


Le 


Autoradiographic and Staining Observations on the Use of Carbowax as an Embedding 
Medium for Frozen-Dried Tissues... Marcaret W. Hott and 8S. Warren.2 New 
England Deaconess Hospital, Boston, Mass. 


Abstract. In the freeze-drying method of tissue preparation, tissues are exposed to 
chemical interaction only with the embedding medium and to solvents used in its 
removal. Due to the more hydrophilic nature of carbowax in contrast to paraffin, it 
is of interest in histochemical investigations. Studies have been made on animal tis- 
sues infiltrated with carbowax following freeze-drying, and the results compared with 
those from analogous pieces of tissue prepared simultaneously but infiltrated with 
tissuemat. We have found that a carbowax mixture consisting of 3 parts carbowax 
1500W, 3 parts carbowax 1000, and 1 part carbowax 4000W has cutting properties 
comparable to tissuemat. Methods used in blocking, disking, and cutting the tissue 
will be described. The carbowax may be removed from the tissue with various sol- 
vents such as distilled water, Locke’s solution, acetone, alcohol, toluene, and warm 
ether. The appearance of the tissue following treatment with various solvents will 
be illustrated. Better cytology was observed following the use of Locke’s solution, 
acetone, oralcohol. Tissues containing P®? and S* were infiltrated with carbowax, and 
autoradiographic results were obtained which are roughly comparable to those which 
follow tissuemat infiltration if an organic solvent is used to dissolve out the embedding 
medium. Extraction with an aqueous solution previous to autoradiographic exposure 
results in an essentially negative image; this is also comparable to previous observations 
on tissuemat-embedded tissues containing these isotopes. 


Discussion 


Dr. D. Guick (University of Minnesota): Dr. Holt, how long does it take to freeze- 
dry by this technique? I know that different tissues take different times. And then, 
after the freezing-drying, when you melted the embedding medium, did you have 
bubbles arising from the tissue as it sank? 

This equipment is not very efficient because the theoretical requirements for the 
most efficient freezing-drying demand a higher vacuum, wide-bore equipment, and a 
very efficient water-trapping mechanism. In this apparatus, a chemical drying agent 
was used to trap the water, and the water vapor pressure over such drying agents at 
room temperature is higher than the water vapor pressure in a liquid nitrogen trap 
by a factor of about 10%. Dr. Stowell has already mentioned this point in earlier 
work and we, too, have found chemical drying agents very inefficient. With only a 
fore pump as you have described, you don’t get as high a vacuum as you need for the 
fastest drying. The bore of your equipment was of the order of about an inch, and 
if that were increased to about four inches, you would have a great increase in efficiency. 
I think the design of your equipment is such that you would require unnecessarily long 
dehydration times. 

Capt. F. B. Jonnson (Armed Forces Institute of Pathology): Dr. Holt, how warm is 
the carbowax when you immerse the tissue? Dr. Hack of the University of Chicago 
has pointed out the possibility of changes in the distribution of lipid material on allow- 
ing frozen-dried tissue to come even to room temperature. He uses low-melting 
carbowax on a freezing microtome. 

I disagree with Dr. Glick in this respect, that I do not believe that extremely high 
vacuum is necessary. The vacuum pump serves to remove the molecules of air, pre- 





1 This work was done under U. 8. Atomic Energy Commission Contract AT (30-1)-901 with the New England 
Deaconess Hospital. 
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venting their interference with the diffusion of water from tissue to the dehydrating 
agent. If the apparatus is well evacuated to begin with and you have no leakage, 
there is no further need for evacuation if you have an efficient trap. 

Dr. R. E. Stowe. (University of Kansas): As Dr. Glick has mentioned, there are 
important theoretical considerations in the design of freezing-drying apparatus for 
optimal function. Although the description presented does not suggest that this 
equipment would be as efficient as several others which have been described in the 
literature, it is most important that it satisfactorily meets the author’s needs. 

Dr. Guick: By efficient freezing-drying, I am sure Dr. Stowell and I both mean the 
time required while a properly low temperature is maintained. Of course, you can 
freeze-dry adequately with an inefficient apparatus if the time is prolonged sufficiently. 
In an inefficient apparatus, it may take two weeks. In an efficient one, it may take 
two hours. 

As to the question of the vacuum, just to elaborate one point beyond Dr. Stowell’s 
remarks, in Experimental Cell Research (2: 688, 1951), Dr. Malmstrom presented a 
theoretical treatment of the effect of vacuum as well as other factors in freezing-drying, 
and he showed, on the basis of simple physical chemistry, that a vacuum greater than 
10-§ had no advantage, increasing the vacuum from 10-5 to 10-§ mm. mercury has 
only a small advantage, but there is a very great advantage in having a vacuum that is 
at least 10-5 mm. mercury, and with your fore pump, you cannot get that vacuum. 
You must use a diffusion pump. 

Dr. Hott: The time usually required in this apparatus for freeze-drying is approxi- 
mately 48 hours, using pieces of tissue between 2 and 3 mm. in thickness, and the length 
of the piece of tissue may be 5 to 10 mm. 

With most tissues, we do not observe bubbling at the infiltration stage. 

I did not go into a complete description of the use of the apparatus, but before a run 
is started, we attach the tubes to the vacuum system and heat them up so that the 
tissue embedding medium is melted, and we remove the gas that is present in the em- 
bedding medium in this way. If we do not use it immediately, the embedding medium 
sometimes does pick up other gas, so that there may be a little bubbling at the end of a 
run. In working with certain tissues, such as the eye, which has a rather heavy wall 
around it and is inside comparatively liquid material, there is sometimes difficulty due 
to bubbling when the tissue is infiltrated. This can usually be avoided if we puncture 
through the sclera before freezing. Testis is surrounded by an outer coat which will 
sometimes have the same effect, but if we cut into these tissues or at least puncture 
this outer wall, we can avoid bubbling. 

We think that the design of the apparatus is very efficient for most purposes in the 
laboratory. It is a considerable simplification of the original designs used by earlier 
workers. The pressure attained with the pump is 10-‘ mm. mercury. In freeze- 
drying, we visualize the process that is taking place as one of evaporation of water 
from the tissue, and we wish to aid this process of evaporation by removing the water 
and catching it in a trap. It is a physical diffusion process. In our apparatus the 
trap is surrounded by a mixture of dry ice and acetone during the drying period. In 
transferring the water from the surface of the tissue to the trap, we need to have an 
apparatus which is so designed that the mean free path of the water molecules at the 
pressure used is of the same order of magnitude as the distance to be traveled. With 
a pressure of around 10-* mm. mercury, this mean free path is about 60 cm. The 
dimensions of the glass tubing, certainly, should be kept as large as possible or practical 
for working with the apparatus. Lowering the pressure below 10-* mm. mercury 
would give a mean free path that would make it possible for the molecules of water to 
travel a much greater distance. There is no great advantage in greater expenditure 
of energy than that required. 

There is a chemical drying agent in the system, but the chemical drying agent is 
there merely as a precautionary measure. 

In answer to Dr. Johnson, the temperature of the carbowax is slightly higher than 
the temperature used for tissuemat (52° C.). Idon’t know what effect this will have 
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on the distribution of the fats. We have only recently been able to cut the carbowax 
properly and have not made too many fat stains, but it does seem that we are getting 
good localization on the slides that we have stained. 

I would like to say that the stopcock in our system is not between the tissue tube 
and the trap; that the critical dimensions where we need easy transfer of water are 
between the tissue tubes and the trap. The purpose of the pump is merely to keep the 
system at the low pressure. Therefore, the dimensions of the glassware between the 
trap and the pump are not critical. 





Autoradiographic Visualization of Atomic Interexchange in Various Mineralized 
Tissues. L.-F. B&LANGER, University of Ottawa, Ottawa, Canada. 


Abstract. Different types of mineralized tissues (young and adult bones, bones 
deprived of their organic constituents, bone grafts, bone tumors, normal and carious 
teeth, teeth preincubated in trypsin or hyaluronidase, calcified arteries and calcified 
cartilage of the trachea) were fixed in a mixture of alcohol and formalin at a pH of 7.8. 
They were dehydrated and embedded in paraffin, celloidin, or thermosetting polyester 
resin. Sections affixed to glass slides were immersed for 24 hours at room temperature, 
in a phosphate buffer solution at pH 7.6, containing approximately 500 microcuries of 
Pp, They were then covered with a thin coat of celloidin. From these preparations, 
autoradiograms were made, using Matrix or High Contrast Positive film (Eastman 
Kodak Co.). 

The results indicate that young bone tissue exchanges more than adult bone tissue, 
except in areas of dissolution. Bone deprived of organic matrix exchanges more than 
when the organic constituents have been retained. New areas of growth around a 
bone graft and the mineralized portion of an osteosarcoma exchange at a high rate. 
In the adult teeth, there are two areas of high exchange in the enamel; the surface of the 
enamel and a region near the dentino-enamel junction. In the dentine, there is a 
gradual decrease of exchange from the border of the pulp cavity outwards. The 
cementum exchanges P%? at a high rate. There is apparently a greater intensity of 
the autoradiographic reaction at the border of the lamellae. The enamel and dentine 
of young teeth exchange readily throughout ard this pattern is lost progressively. 
Carious enamel and dentine exchange more than the adjacent normal tissues. Teeth 
incubated in hyaluronidase, before or after fixation, exhibit a different pattern of 
exchange as compared with untreated controls. The calcified arteries or cartilage show 
& more intense rate of exchange in the less advanced portions of the lesions. 


Discussion 


Dr. C. P. Lestonp (McGill University): In work carried out with Dr. Bélanger 
several years ago, two types of reactions were described in radioautographs of teeth 
and bones of growing animals that had been injected with radiophosphorus. The 
first type of reaction is a diffuse one, which in young animals extends over practically 
all bones and teeth. This soon disappears, so in animals killed a week after adminis- 
tration, you will not see very much of it. The second type of reaction is more localized, 
limited to definite areas. These persist for weeks after administration. 

The assumption was made that in the case of the diffuse reactions there was no real 
formation of bone, but simply an exchange between the superficial ions at the surface 
of the crystal and the circulating radioactive ions. When the level of radioactive ions 
drops in the circulation, there is a replacement of the radioactive ions of the crystal 
surface by unlabeled circulating ions; hence the disappearance of the diffuse reactions. 

On the other hand, in the case of synthesis of new bone or tooth, radioactive ions 
are incorporated throughout the crystal structure, and may thus persist for a long 
period after administration. 

It was necessary to examine this hypothesis in various ways. If there was a super- 
ficial exchange between the ions on the surface of the crystals and circulating radio- 
active ions, then it should be possible to reproduce this phenomenon in vitro. This is 
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the main result of the work of Dr. Bélanger, since by placing sections of nonradioactive 
bone or tooth in radiophosphate or radiocalcium ion solutions, he found that these 
were distributed in the sections in a manner comparable to the diffuse reactions which 
we had previously observed. In this way, he confirmed that these reactions were due 
to an interchange between the ions in solution and those forming the surface of the 
crystals. 

This was clearcut in young animals, but the situation was more complex in mature 
teeth and bones. In many locations, there was no longer a possibility of exchange. 
Dr. Bélanger made the fundamental observation that if these sections are treated with 
hyaluronidase, the exchange again becomes possible (and the staining of the mature 
teeth and bones also becomes possible). Possibly, there is in the ground substance of 
teeth and bone which reach the mature condition some material which can be hydro- 
lyzed with hyaluronidase (chondroitin-sulfuric acid, hyaluronic acid?) and which 
prevents the entry of the material there, whether this material be ions or dyes. This 
is a fact which may have been suspected in the past but which is demonstrated for the 
first time by Dr. Bélanger. 

Capt. F. B. Jonnson (Armed Forces Institute of Pathology): How can one be certain 
that there is actually an exchange of the radioactive phosphorus with previously 
existing phosphorus in the tooth structure, and that the radioactive phosphorus is 
not anchored where there previously was no phosphorus? 

Dr. G. Gomori (University of Chicago): If teeth are soaked in silver nitrate for a 
certain length of time and then the silver is reduced, one gets a very beautiful outline of 
the carious areas, just as in Dr. Bélanger’s pictures. Carious areas may be stained as 
deep as 1 or 2 mm. and show up in black. This applies not only to natural caries but 
to artificial caries (produced by dilute lactic acid), too. 

I interpret this observation by the simple fact that in the areas of caries the structure 
of the tooth is loosened and there is a more rapid penetration of almost anything into 
those areas. 

Dr. R. D. Lite (National Institutes of Health): Dr. Gomori calls to my mind my 
experiences with a similar silvering procedure in 1928. We saw that the young 
lamellae of bone took up much more silver than the deeper lamellae, that were pre- 
sumably more mature. 

Dr. LeBLonp: In regard to Dr. Johnson’s comment, some recent work done with 
Dr. Glegg might clarify the situation. This work was the opposite of Dr. Bélanger’s. 
Radioactive phosphate was injected into animals. Bones and teeth were taken at 
three hours, twenty-four hours, or a week after injection, and sectioned. Now, if it 
is true that very soon after injection the radioactive material in the sections has 
entered through a phenomenon of exchange, then, when these sections are placed in a 
solution of buffered phosphate, the exchange should take place in the reverse direction, 
with the radioactive phosphate being lost to the solution. If the theory is correct, 
the sections taken from animals sacrificed a week after administration of radiophos- 
phorus should lose little or none of their radioactivity to the solution. 

The results showed that three hours after injection about 80 percent of the radio- 
activity in the sections is lost to the solution, while seven days after injection, only 
20 percent of the sections’ radioactivity was lost to the solution—which is, I think, a 
fact confirming in another manner the basic hypothesis. 

In the case of adult bones, the phenomenon is more complex, but I doubt that a 
process of adsorption like that which Dr. Gomori has mentioned could explain Dr. 
Bélanger’s results. At least in bones of young animals, the problem is straightforward 
and various facts confirm the theory that radiophosphorus may enter either by syn- 
thesis of new bone crystals or by exchange with the surface ions of old crystals. 

Dr. B&LANGER: Dr. Johnson, in comparison to the exchange reactions shown here, 
controls consisting of acid demineralized sections of the same tissue have been placed 
in the radioactive solution. Autoradiograms from these sections have consistently 
been negative. On the other hand, some sections of intestine and kidney of young 
rats were submitted to the Gomori method for alkaline phosphatase and once the pre- 
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cipitate of calcium phosphate was obtained, these sections were placed in the radio- 
active phosphate solution and subsequently coated with photographic emulsion. The 
autoradiograms obtained exhibited the pattern of phosphatase distribution. The 
Gomori controls treated in the same way were consistently negative. 

Since the pattern of phosphorus and calcium exchange in the phosphatase-deposited 
calcium phosphate has been autoradiographically comparable, perhaps this technique 
of autoradiographic detection of exchanged atoms might be used for the localization 
of specific elements in the tissues, providing that they are present in a form which has 
been shown to exchange in vitro. This technique could also indicate changes in the 
tissues which interfere with the exchange reaction, such as presently demonstrated ir 
the case of the mucopolysaccharides of dentine. 





Enzyme Activity of Granules Elaborated in Mouse Liver and Spleen Following Intra- 
venous Injection of ThO,. E. Bretu,' Brown University, Providence, R. I. 


Abstract. Following injection of 0.6 cc. ThO,, mouse liver and spleen were homo- 
genized separately in a cold Potter-Elvehjem homogenizer with 0.25 M _ sucrose. 
After two centrifugations at 1000 r.p.m. in a refrigerated centrifuge, a small white 
plug consisting principally of highly refractile granules was isolated. The granules 
were washed and resuspended in sucrose and centrifuged 4 or 5 times at 1000 r.p.m. 
Succiniec dehydrogenase and glycerophosphate dehydrogenase activity were determined 
in modified Thunberg tubes. The presence of both enzymes was shown to be neg- 
ligible. Addition of Al+++ and Cat+ ions and of cytochrome C to granule suspensions 
had no effect on their enzyme activity. 

The granules were found to have a nitrogen content of 1.1%. 

Radioactivity of the isolated granules indicated that the major part of their mass is 
ThO,. It is concluded that in contrast to naturally occurring cytoplasmic granules, 
there is little if any enzyme activity associated with the protein matrix of these particles. 


Discussion 


Dr. R. D. Liture (National Institutes of Health): I would like to know whether 
soluble thorium salts have an inhibitory effect on these enzyme activities. 

Dr. A. B. Novixorr (University of Vermont): It would be comforting to those of 
us who spend much time isolating granules from disrupted cells to know that the 
enzymes found in the isolated granules were really there in the living cell. But it 
seems to me that the thorium dioxide granules are so vastly different from mitochondria 
and microsomes that the presence or absence of enzymes in the former, or on their 
surface, can have little significance for the interpretation of findings with the latter. 

I should like to ask some specific questions. | Were controls run in which appropriate 
concentrations of thorium dioxide were added to liver homogenate? Was the glycero- 
phosphate the alpha or beta isomer? 

Would it not be better to compare the activities of unwashed granules with those 
washed once, twice or three times, rather than comparing granules already washed 
three times with those washed twice more? 

From our experience the presence of microsomes contaminating the isolated granule 
fraction would escape detection even with the oil immersion lens, unless phase contrast 
microscopy were used. Since neither of the enzymes studied is known to be associated 
with microsomes, their absence does not demonstrate the absence of microsomes in 
the fraction. 

Dr. M. Wacustein (St. Catherine’s Hospital, Brooklyn, N. Y.): Were sections 
stained with any of the tetrazolium salts? Sites of dehydrogenase activity appear in 
granular form in bacteria, leukocytes, as well as in the cytoplasm of various tissues. 

Dr. Bei: Although soluble thorium salts were not used as a control, the whole 
homogenate, with which enzyme activity was compared, did contain ThO,. 
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Regarding the possibility of enzyme activity loss due to the first few washes, sub- 
sequent addition of cytochrome C, calcium and aluminum ions did not enhance granule 
activity. This suggests that the loss of these factors was negligible, or that since the 
enzyme activity was insignificant to begin with, their loss was immaterial. 

If adsorption of microsomes onto the granules had occurred, the complete absence 
of enzyme activity would be difficult to explain, and is itself presumptive evidence that 
such adsorption did not occur. The glycerophosphate used was a racemic mixture of 
the alpha and beta forms and the enzyme tested for was the cytochrome dependent one. 





Nuclei and Mitochondria in Escherichia Coli Cells Infected with T2 Bacteriophage. 
S. Mupp, E. H. Beutner,! J. Hiturer and P. E. Harrman,! University of Penn- 
sylvania Medical School, Philadelphia, Pa. 


Abstract. An intensive cytological study, using light and electron microscopy, has 
been made of the interaction of T2r and T2r+ phages with Escherichia coli, B. DNA 
was stained by the Feulgen and DeLamater procedures. For electron microscopy, 
microcolonies of E. coli on collodion overlying nutrient agar were infected with phage. 
At successive intervals after infection blocks were cut out, stained over OsQ, and di- 
alyzed on the collodion mount over distilled water. Pictures were taken both of 
unshadowed and chromium shadowed specimens, fixed from 1 to 40 minutes after 
infection. An EMU microscope with objective apertures in the range of .002 to .005 
radian was used. 

The dark, electron scattering polar and central areas in young, actively growing 
microcolonies of Escherichia coli B are mitochondria and surrounding electron scatter- 
ing materials; the intervening nuclear sites are relatively electron-transparent. Five 
and ten minutes after infection, marginal electron-transparent areas appear between 
the protoplast and cell wall; Feulgen positive material is correspondingly distributed 
along the margins of the cells. Cells infected for 15 and 20 minutes appear with DNA 
stain as granular or banded, as described by Murray, Gillen and Heagy (J. Bact. 59: 
603, 1950). Recognizable nuclei are absent, although the Feulgen positive materials 
may include nuclear DNA. The mitochondria persist as morphologically recognizable 
entities, staining with tetrazolium, and after phage lysis are strewn in the extracellular 
debris. 

Morphologically recognizable phage particles are found in small numbers in cells 
15 minutes after infection and in increasing numbers at intervals thereafter. 


Discussion 


Dr. H. Buank (Squibb Institute): The combination of histochemistry and electron 
microscopy has also been used to follow the process of virus multiplication in animal 
cells. It has been possible to demonstrate that certain stages of cytoplasmic “inclusion 
bodies” in molluscum contagiosum and vaccinia contain an accumulation of desoxy- 
ribose nucleic acid which under the electron microscope is revealed as a mass of virus 
particles. 

Do you have any thoughts on the following apparent discrepancy? In osmic fixed 
cells the Feulgen positive DNA area of the nucleus is much less opaque to the electron 
beam than the RNA containing nucleolus. I believe you demonstrated in your 
bacterial cells also that the material which stains with the Fuelgen or the DeLamater 
stain is less dense to the electron beam than is the mitochondrial area. On the other 
hand, however, large virus particles which contain primarily DNA are quite dense to 
the electron beam. I don’t quite understand why the DNA containing virus particles 
are so dense when the DNA areas of the nucleus are less dense than RNA areas. 

Dr. Beutner (Brooks Hospital, Brookline, Mass.): Dr. Blank, a number of the 
phage particles in our pictures appeared electron opaque. However, in the first picture 
of phage, which is an exceptionally good one, vesicular areas within the phage heads 
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were visible. It may be that these are the sites of DNA localization. It seems 
probable that they are not discernible in most micrographs because of the limitations 
in the resolution of the current electron microscope and because of imperfect electron 
microscopy. A possible explanation for the vesicular nature of the nuclear sites in 
bacteria is that the underpolymerized DNA is highly hydrated. Greenstein’s hydro- 
dynamic studies on DNA support this thesis. 

Dr. A. W. Po.uisteR (Columbia University): There can be little doubt that the 
high electron density of the nucleolus is mainly due to its extremely high protein 
content, often probably of the order of fifty percent—as shown independently by 
microspectrophotometry, X-ray absorption, and direct analysis of masses of isolated 
nucleoli. In the case of the phage particle, on the contrary, the electron scattering 
may be chiefly a result of the fact that it contains nucleic acid in high concentration, 
probably at least ten times as great as in the nucleolus. 

Dr. M. Woiman (Hebrew University, Jerusalem): Aren’t those people who use 
electron microscopy running into the same pitfalls as the early histologists? Don’t 
they disregard the fact that they are fixing, dehydrating, and treating their tissues 
with chemically active agents? Could not the areas of stronger density in these osmium 
fixed cells be areas which bind osmium for chemical reasons? 

Dr. L. Ornste1n (Columbia University): Currently, much is made of the “staining”’ 
properties of OsO, fixatives for electron microscopical study of biological material. 
In the past three years, it has become evident that although the phenomena in 
electron microscopy are in many ways analogous to those of light microscopy, expecta- 
tions in the way of “electron stains’ have involved a misconception of the orders of 
magnitude involved in setting up the attractive analogy to ordinary histochemical 
staining. 

Most staining procedures depend, for their sensitivity, on the extreme difference 
between the absorption coefficients of the specific substance and its surroundings. 
The ratio of these for Feulgen-stained tissue nuclei mounted in clarite is, for example, 
a few hundred thousand to one at 570myz. On the other hand, the maximum equivalent 
ratio for electron contrast for all solid substances (which is the ratio of the scattering 
cross-sections of the densest and least dense solids) for a 65 KV microscope with an 
effective aperture of .005 radian is about thirty to one. 

This implies that if osmium oxides are really responsible for considerable increase in 
contrast in OsO, fixed material, the total mass of such material must be considerably 
increased by fixation. Experiments show that, allowing for the small amount of 
material leached out of a tissue during fixation, the increase in mass is almost negli- 
gible—and this, despite the fact that the fixation turns the tissue quite black. The 
necessary conclusion from this (and other experiments) is that except for scattered 
droplets of highly unsaturated lipids, it is unlikely that the electron scattering proper- 
ties of the osmium oxide deposits in the tissue, or Dr. Mudd’s bacteria, affect electron 
micrographic contrasts noticeably. Electron micrographic contrast in unshadowed 
biological preparations is due to the actual density distribution of the components 
that make up cell structures. OsQ, fixation preserves more structure intact than other 
fixatives. This maintenance of morphological integrity with clearcut boundaries to 
morphological elements is responsible for most of the apparent increase in contrast 
over other methods of fixation. 

Dr.Mupp: I would like to assure Dr. Blank and Dr. Wolman that we have not 
overlooked these pitfalls. I am therefore particularly grateful to have Dr. Pollister 
and Dr. Ornstein point out that the differences in density which are observed in the 
electron microscope, after osmium fixation, are genuine. I don’t think that they 
represent differences in the inherent electron scattering capacity of different nucleic 
acids. It is much more likely that they depend on the fact that the DNA is highly 
hygroscopic, as shown by Jesse Greenstein. Unquestionably, in these nuclei of young 
cells, the nucleal sites contain a large proportion of water. 

The protein, as was pointed out, is electron-scattering; although it does not stain 
with these chromatin stains, it is nevertheless responsible for much of the scattering 
of electrons by the desoxyribose nucleoprotein. As the shadows show very clearly, 
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the nuclear sites are actually depressed in these dried preparations and the mitochon- 
drial sites are actually hills, so that what we are studying is the difference in con- 
centration of solid material and the thickness of solid material. 

Another reason why we are quite confident that these are not fixation or other arte- 
facts is that Kndéll and Zapf (Zentralb. Bakt. 57: 389, 1951), using the phase contrast 
microscope, show exactly the same appearance of dark and light, with the phase 
microscope, in living colon bacilli. The mitochondrial sites, which they did not 
recognize as such it is true, are dense in the phase microscope in the living cells, and the 
identical pattern that we have obtained in these electron micrographs is found in the 
living cells with the phase microscope. Stempen has also found the same thing. 





The Differential Staining of Mitochondria and Nuclei in Mycobacteria. L. C. W1n- 


TERSCHEID ! and 8. Mupp, University of Pennsylvania Medical School, Philadelphia, 
Pa. 


Abstract. Observations on Mycobacterium thamnopheos and Mycobacterium tubercu- 
losis var. hominis indicate that the polar granules are sites of flavoprotein dehydrogen- 
ases and cytochrome oxidase, two enzymes concentrated primarily in mitochondria. 
Janus green B, a specific mitochondrial stain, also stained these granules characteristic- 
ally. Their size, morphology, and physical properties are typical of mitochondria 
(J. Bact. 62: 459-475, 1951). 

The Feulgen reaction and the DeLamater nuclear stain (Siain Technol. 25: 199-204, 
1951) do not stain the granules demonstrated by the various mitochondrial techniques. 
However, they do stain an irregular central area. This central area is frequently 
paired and the paired bodies are separated by varying distances. These central 
nuclear areas are not stained by any of the specific histochemical methods for mito- 
chondria. Indeed utilizing neotetrazolium or blue tetrazolium and the Feulgen reac- 
tion or the DeLamater nuclear stain, both the mitochondrial granules and the nuclei 
may be differentially demonstrated in the same cell. 

If less than equimolecular amounts of thionyl chloride are added to Azur A (as used 
in the DeLamater nuclear stain), then it can be demonstrated that the mitochondrial 
granules are the loci of a substance which is easily removed by hydrolysis in 1N HCl at 
56° C., while in the nuclear areas a substance (DNA) is stained only after such hydrol- 
ysis. Hydrolysis in 0.3 M trichloracetic acid at 90° C. results, however, in removal of 
all basophilic staining material. 

Color photomicrographs showing the differential staining of nuclei and mitochondria 
in the same cells have been obtained. 


Discussion 


Dr. Munn: I regret that at this great distance, we did not have enough light to show 
the beautiful differentiation of color values that the nuclei and mitochondria stained 
with these specific reagents show in Dr. Winterscheid’s original preparations. 

Dr. C. P. LEBLOND (McGill University): Would Dr. Winterscheid or Dr. Mudd 
kindly make a drawing of a mycobacterium on the blackboard to show the shape of 
mitochondria and nucleus? 

Dr. WinterscHEID: In these’rod-shaped cells of Mycobacterium thamnopheos, with 
bright phase the mitochondria appear as discrete round granular objects. Dr. Mudd 
showed these sharply in his electron micrographs last year. With the DeLamater 
stain we found irregular central areas, paired and separated by variable distances. 
Cells examined in water immediately after nuclear staining still show refractile polar 
mitochondria, while the central areas take the nuclear stain. 

Dr. J. Gross (Massachusetts General Hospital): In view of the complex biological 
activity now ascribed to animal nuclei and mitochondria, is there enough evidence 
at this point to attach the labels of mitochondria and nuclei to the baterial particulates? 


1 By invitation. 
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Dr. M. WacustEIn (St. Catherine’s Hospital, Brooklyn, N. Y.): The sites of dehy- 
drogenase activity in bacteria can also be demonstrated by the deposition of reduced 
tellurium after addition of potassium tellurite (Proc. Soc. Exper. Biol. & Med. 72: 
175, 1949). 

May I ask whether the several staining characteristics described to identify mito- 
chondria justify one in assuming that the stained granules are identical with mitochon- 
dria in mammalian cells. The sites of dehydrogenase activity in human polymorpho- 
nuclear leukocytes for instance are not found at the same locations which give the 
staining reactions considered to be characteristic for mitochondria (Proc. Soc. Exp. 
Biol. & Med. 73: 306, 1950). 

Dr. WINTERSCHEID: As to whether it is proper to call these structures in bacteria 
mitochondria and nuclei, the one gives a Janus green stain, the other a positive Feulgen 
test. Hence it seemed proper to name them, especially since the first contain also the 
new enzymes which are localized in the mitochondria in vertebrate cells. 

In mixed bacterial and leukocyte preparations, Janus green B and tetrazolium dem- 
onstrate the same localizations. The formazan is technically superior because of its 
greater brilliance. 

Dr. Mupp: May I add to Dr. Winterscheid’s statement? The evidence for the nucleus 
of the bacterium rests on a vast amount of evidence. For example Dr. DeLamater has 
actually been able to show mitotic figures, count chromosomes, demonstrate nuclear 
fusion with the production of diploid nuclei, and show that bacterial nuclei are, in 
fact, nuclei like those of other animal and plant cells, except that they are in miniature. 

With regard to the mitochondria, I emphasize that it is not simply a staining matter 
that we are presenting. It is the fact that they give the enzymatic reactions char- 
acteristic of flavoprotein reductases, of cytochrome oxidase, and of the balanced oxi- 
dation-reduction system that Dr. Lazarow has analyzed so well with Janus green B; 
and that enzymatic assays by Dr. C. E. Georgi of Nebraska, Dr. Perry Wilson of 
Wisconsin, and several other investigators have shown that these granules in bacteria 
do in fact carry out the whole range of coordinated enzymatic reactions that have been 
identified with mitochondria in higher animal and plant cells; so that I think your 
criticism is just as regards the evidence that we can present in ten minutes, but as re- 
gards the over-all evidence which one can find in the literature, I think it is quite certain 
that these are mitochondria and are nuclei. 





The Determination of Nucleic Acids in Single Tissue Sections... J. F. Scorr and Asa 
P. Fraccastoro,? Massachusetts General Hospital, Boston, Mass.* 


Abstract. Existing techniques for the separation and estimation of ribose nucleic 
acid (RNA) and desoxyribose nucleic acid (DNA) have been modified and combined 
for the range of 0.5 to 5.0 micrograms and have been applied to the determination of 
these constituents in single tissue sections. The modifications were based upon the 
fact that it was found possible to shorten the time and lower the temperature of the 
alkaline hydrolysis in the Schmidt and Thannhauser procedure to one hour at room 
temperature. RNA was estimated by measuring the ultraviolet absorption of the 
supernatant after the acid precipitation of the DNA-protein from the alkaline digest. 
DNA then was extracted from the sediment with hot perchloric acid (Ogur and Rosen) 
and estimated by ultraviolet absorption. All final volumes were held to 100 micro- 
liters. These modifications made it possible to avoid the troublesome steps necessary 
to carry out the usual orcinol, diphenylamine, and/or phosphate color reactions in 
small volumes. 





1 Supported by grants from the U. S. Public Health Service and from the American Cancer Society, recome 
mended by the Committee on Growth of the National Research Council. 

2 By invitation. 

3 Read by Dr. E. P. Taft. 
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Discussion 


Dr. A. W. PouutsterR (Columbia University): This method of Dr. Scott’s offers a 
way of checking on whether the amount of nucleic acid per nucleus in a section is the 
same as that found when nuclei are isolated in masses. Has Dr. Scott counted nuclei 
in a section adjacent to the one he analyzed? 

Dr. A. Lazarow (Western Reserve University): Have the authors done any quanti- 
tative recoveries, adding desoxyribonucleic acid or nucleoproteins and ribonucleic acid 
to tissue sections and to other proteins, to measure the percentage recovery of these 
substances. 

Dr. Tarr: No attempt has been made to count all the nuclei in a tissue section, 
Dr. Pollister. However, the problem was approached from another point of view. 
The amount of desoxyribose nucleic acid (DNA) per nucleus was calculated for rat 
liver by a gross isolation technique. Then on this basis the number of nuclei per unit 
volume was estimated. From this the size of a histologic section of liver which would 
contain enough DNA to be measured by this technique was calculated (7. e., a section 
5 mm. in diameter and 10 microns thick in which there would be some tens of thou- 
sands of cells). Such sections were cut and the amount of DNA found corresponded 
closely to the amount expected. 

Dr. Scott (written comment): The possibility of contamination of RNA and DNA 
extracts by ultraviolet absorbing materials other than nucleic acids was recognized 
and the following control experiments were done: 

(1) The RNA contained in the neutralized alkaline digest was estimated by (a) 
ultraviolet absorption, (6) orcinol reaction, and (c) phosphorus determination. The 
results, taking the orcinol value as 100%: (a) 108% and (c) 102%. 

(2) In a long series of experiments it was found impossible to prevent completely 
the contamination of the DNA extract of rat liver with aromatic amino acids. How- 
ever, with the extraction conditions given in the paper the amount of DNA calculated 
from the ultraviolet absorption data was 108% of that calculated from the diphenyl- 
amine data obtained from a separate aliquot of the same homogenate. 

(3) Rather than attempt to duplicate the physical-chemical conditions of the natural 
specimen by a model experiment, we determined the RNA : DNA ratio on representa- 
tive samples of the same rat liver by two completely independent methods. A cylinder 
of frozen tissue was sectioned and 6 sections were taken at equal intervals through the 
series. These were analyzed separately by the method described and the results 
averaged. The remainder of the sections were pooled and analyzed by the combined 
methods of Schneider and Schmidt-Thannhauser. The results: RNA: DNA by the 
micro-u. v. method, 3.85; by the macro-sugar determination, 3.74. 





The Quantitative Histochemical Estimation of Nucleic Acids and Enzymatic Activity 
in Heterogeneous Tissue.! E. B. Tarr? and J. F. Scorr, Massachusetts General 
Hospital, Boston, Mass. 


Abstract. Using standard methods for the determination of microgram amounts 
of inorganic phosphorus, ribose nucleic acid (RNA) and desoxyribose nucleic acid 
(DNA) modified for application to single tissue sections, these constituents have been 
estimated in sections cut sequentially in the Linderstrgm-Lang cryostat from a cylinder 
of frozen tissue punched out of a block of fresh tissue frozen in liquid nitrogen. Alka- 
line phosphatase activity, chosen because of the ease with which it can be determined, 
was estimated by measuring the rate at which inorganic phosphorus was deposited as 
calcium phosphate in the tissue sections. A modification of the Gomori technic was 
used. The alkaline phosphatase activity was referred to the amount of DNA present 
in the adjacent section for an internal standard as suggested by Davidson and Leslie. 





' Supported by grants-in-aid from the U. S. Public Health Service and from the American Cancer Society 
recommended by the Committee on Growth of the National Research Council. 
? By invitation. 
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By taking a section for routine histological examination between each set of sections 
ultilized for chemical and enzymatic measurements, it has been possible to correlate 
the quantitative chemical results with the morphological picture in a heterogeneous 
tissue. 

Discussion 


Dr. A. B. Novixorr (University of Vermont): The technique described by Dr. 
Taft is both ingenious and impressive. But slides stained by the usual Gomori- 
Takamatsu method show whether necrotic areas of tumors or viable tumor cells have 
higher phosphatase activity, whether the transitional area between tumor and normal 
tissue is rich in activity, and, most important, whether tumor cells per se are the en- 
zyme-rich cells of the tumor. The study of such stained sections led us to a conclusion 
opposite to one of Dr. Taft’s. We concluded that necrotic areas were rich in alkaline 
phosphatase. We were led to another conclusion not possible by the chemical analysis 
of the tumor area; namely, that the liver tumor cells have very little activity (Pearson 
et al., Cancer Res., 10: 557, 1950). We have recently established one of these rat 
liver tumors in rapidly growing transplantable form. Since it generally possesses but 
little stroma, the absence of histochemically demonstrable alkaline phosphatase in the 
tumor cells is especially clear. 

Dr. D. Guick (University of Minnesota): There is a distinct difference between the 
two approaches. Dr. Taft is trying to get quantitative data of the degree of change, 
not just a qualitative impression. As you know, Dr. Novikoff, there are uncertainties 
in localization, and you may see a lot of stain in an area where as you yourself have 
demonstrated, you find there was no enzyme. So, aside fron the problem of uncer- 
tainty of localization, the kind of information that you get with the stain is still 
qualitative, at best. In Dr. Taft’s approach you have something that you can 
record objectively with precision, rather than a mere impression of more or less staining. 

Dr. W. B. ATxinson (University of Cincinnati): What is meant by “homogeneity”’ 
and “heterogeneity” of tissues? I have jotted down what we tell our students is in 
liver: parenchyma, endothelium, connective tissue, smooth muscle, bile ducts, blood, 
and surface mesothelium. To a microscopic anatomist few tissues are homogeneous 
in any sense of the word; possibly a pure epithelium, but even this may have basal 
cells and superficial cells which have obvious differences microscopically. 

Dr. A. Lazarow (Western Reserve University): In further regard to the specificity 
of the method, as you know the absorption spectrum of protein presents a peak at 280 
my and nucleic acids at 260, but protein also absorbs at 260 mu. Are you sure that 
you have fully eliminated the protein in this fractionation, so that in measuring extinc- 
tion coefficient at 260 my you are not getting some absorption which is really due to 
protein, which you interpret as nucleic acids. 

We used a Schmidt-Thannhauser procedure on a micro scale, and considered using 
the ultraviolet absorption. 

Dr. Tart: I think that Dr. Glick answered Dr. Novikoff’s objections to this sort 
of technique much better than I could. We merely want to show how such data can 
be presented by a somewhat more quantitative method than has been used in the past. 
In our laboratory we have always found that hepatomas in rat liver have marked 
alkaline phosphatase activity in contrast to ordinary liver. I think Dr. Bucher 
would agree with this. 

Dr. Novixorr: We, too, get 5 or 6 times as much activity in hepatomas as in normal 
liver, but the histochemical staining reaction enables us to localize that activ‘ty, not 
in tumor cells, but in stroma, vessels, and necrotic areas. 

Dr. Tart: I am sorry but our data do not agree with that interpretation entirely. 
We had no indication of course whether we were measuring activity of hepatoma cells 
or stroma by this method. 

To answer Dr. Atkinson’s question: we were using homogeneity and heterogeneity 
in a relative sense comparing the sorts of tissues which we were studying. I am aware 
that biochemists have overworked these terms in the past. In our opinion, liver with 
approximately 70 percent parenchymal cells is perhaps as homogeneous a tissue as one 
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happens tostudy. By heterogeneous we meant in this instance liver containing nodules 
of hepatoma as distinct from homogeneous liver without hepatoma. 

Dr. L.-F. BELANGER (University of Otiawa): I wonder if Dr. Taft has done any work 
on the phosphatase of embryonic liver as compared to normal adult liver? 

Dr. Tart: I am sorry but we have made no observations on embryonic tissues. 





Effect of Desoxycorticosterone and Cortisone on Mucoproteins and Collagen Fibers 
of Fibroblast in Tissue Culture. R.E. MancriNtand E.8. pe Lvustie,! Instituto Na- 
cional de Endocrinologia, Buenos Aires, Argentina. 


Abstract. The effect of these hormones (Ciba) added to fibroblasts of chick and rat 
embryos, cultivated in hanging drop was studied. After fixation in Carnoy’s fluid 
and embedding in paraffin, the following histochemical methods were applied to the 
slides: Hotchkiss-Mc Manus reaction and metachromatic and colloidal iron techniques. 
Testicular hyaluronidase (Wyeth) test applied to the slides was used as a control for 
the presence of acid mucopolysaccharides. Silver impregnation according to Ruman- 
tziew-Suntzowa was employed to study collagen fibers. 

It was observed: 1. One drop of desoxycorticosterone acetate (0.001% in saline 
solution) added to the medium, stimulated the proliferation and growth of cells. At 
the same time inside the fibroblasts there was an increase of granules which gave a 
positive Hotchkiss-Mc Manus reaction and were only partially digested by hyaluroni- 
dase. Ground substance around and among the cells was intensely stained, especially 
with metachromatic and colloidal iron techniques; this substance was completely 
digested by hyaluronidase. Also collagen fibers were much more abundant and formed 
a dense network. 2. One drop of cortisone acetate (0.0005 % to 0.003% in saline solu- 
tion) had no effect on tissue cultures of fibroblasts. 3. One drop of cortisone without 
acetate (0.001% to 0.002% in saline solution) partially inhibited the growth of fibro- 
blasts and production of the two kinds of mucoproteins and collagen fibers, but we wish 
to emphasize that this effect was inconstant. 4. The addition of the liquid vehicle of 
those hormones or of another steroid chemically related like pregnenolone acetate, at 
the same concentration as a control, had no effect on the structures described. 


Mucoproteins of the Connective Tissue of the Skin in Generalized Myxedema. 
R. E. Mancrint, J. C. GarsBert,! and F. A. pe ta Bauze,! Instituto Nacional de Endo- 
crinologia, and Instituto de Clinica Medica, Facultad de Medicina, Buenos Aires, 
Argentina. 


Abstract. Morphologic and histochemical methods were applied to biopsy of arm’s 
skin in nine cases of myxedema from thyroid origin; and the results were compared 
with skin of the same region of five normal subjects. The following metachromatic and 
colloidal iron techniques were used for ground substance: Hotchkiss-McManus meth- 
od for basal membrane, collagenous fibers and ground substance. Orcein technique 
for elastic fibers. Silver impregnation (Rio Hortega) for collagenous fibers, and tri- 
chromic staining of Masson for general morphology. Digestion of the slides with 
testicular hyaluronidase (Wyeth) was performed as a control for the presence of acid 
mucopolysaccharides. In the five cases of intense myxedema we observed: 1. Partial 
atrophy of the basal membrane into its two components, reticular fibers and homoge- 
neous substance. 2. In the papillar corium the reticular and elastic fibers partially dis- 
appeared, while there was an increase in the amorphous substance (the latter was 
partially digested by hyaluronidase), and there were abundant juvenile fibroblasts. 
8. The inner corium was swollen and gradually disintegrated into its collagenous fibers 
and bundles; there was also fragmentation of the elastic fibers, and a great increase in 
the amorphous substance which was completely digested by hyaluronidase. In the 
four cases of moderate myxedema we were able only to observe intense swelling of the 
collagenous fibers and bundles of the inner corium, and a small increase of amorphous 
substance which was completely digested by hyaluronidase. 


! By invitation. 
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Discussion 


Dr. W. B. Atkinson (University of Cincinnati): Dr. Goldman and I have been 
working on the histochemistry of human skin after the injection of particulate sus- 
pensions of corticosterone and related compounds. These are injected in benzyl 
alcohol and punch biopsies are made of the skin from five minutes to several days 
later to determine the local tissue reactions to the cortical steroids. Within fifteen 
minutes after these suspensions of steroids are injected into the dermis, there is a 
change in the physical and chemical nature of the ground substance. The latter pre- 
cipitates out in a densely basophilic fibrous mass which looks otherwise very much 
like fibrin. The material also gives a weak McManus reaction, resistant to saliva or 
malt diastase. I wonder whether Dr. Mancini might comment on the possible ex- 
planation of this tissue response. 

Dr. J. F. A. McManus (University of Virginia): Did Dr. Mancini mention what 
fixation he was using? 

Dr. H. W. Deane (Harvard Medical School): Dr. Fawcett and I (Quart. J. Micro. 
Sci. 92: 385, 1951) injected cortisone into spayed rats that were receiving estrogen to 
stimulate uterine growth, and found no inhibition of the uterine growth, which is 
principally a stromal growth, in comparison to the controls. This contrasts the 
experiments on wound healing. 

In part the difference may lie between an infected tissue which is restoring itself 
and a tissue which is growing because of hormonal stimulation. Perhaps also fibro- 
blasts from various parts of the body may have different potentialities and thus 
respond differently to hormones. 

Dr. J. L. Orpison (Western Reserve University): We have been unable to identify 
clinically any change in wound healing in patients given cortisone. Similarly, histo- 
logic studies of wound healing in dogs failed to show any differences when the animals 
were treated with cortisone. It has been postulated that this lack of effect of cortisone 
in dogs is due to species variation. 

Has Dr. Mancini observed differences in reaction of tissues from various species 
when exposed to cortisone in tissue culture? 

Dr. Mancini: Answering Dr. McManus, Carnoy’s fixative was used. 

In reply to Dr. Orbison, we have not observed any differences between chicken and 
mouse fibroblasts in response to the hormones used. Dr. Atkinson’s results are very 
interesting since he used pure corticosteroids and noticed rapid changes in the con- 
nective tissue of the skin. We know little about the influence of hormones on the 
constituents of connective tissues. The changes which we have noticed in connective 
tissue of our myxedema cases developed slowly over a period of several months or 
years, depending on the cause of the disease. Obviously such a pathologic condition 
involved an imbalance in thyroid-thyrotrophic hormones. 

We agree with Dr. Deane’s comments on the possibility of different reactions of 
fibroblasts of different tissues to cortisone. 





Comparison of Alkaline Phosphatase Activity in Frozen and Paraffin Sections. Epitx 
HerMAN ! and Heten W. Deane, Harvard Medical School, Boston, Mass. 


Abstract. Alkaline phosphatase was demonstrated by the Gomori method in frozen 
and in paraffin sections of rat organs. Frozen sections of unfixed organs were cut at 
5 w in a Linderstrgm-Lang cryostat (Coons, Leduc and Kaplan, J. Exp. Med. 93: 
173, 1951), mounted on slides and fixed for 30 minutes in chilled 80% alcohol. Pieces 
of the same organs were fixed in chilled 80% alcohol for 24 hours, embedded in low 
melting point paraffin and sectioned at 5u. The sections were incubated together in 
an a-8 glycerophosphate medium, pH 9.5 for 15, 30 and 45 minutes, and 1, 2, 3, 4, 5 
and 24 hours. 
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Organs studied included liver, pancreas, kidney, parotid gland, duodenum and mes- 
entery. In general, the reaction was more rapid and more intense in frozen sections 
than in paraffin sections. Especially active were the walls of capillaries and small 
arterioles, the striated border of duodenal epithelium, the brush border of kidney 
epithelium, bile capillaries of the liver, and cytoplasmic granules of eosinophilic and 
neutrophilic leukocytes. 

Nuclei remained unstained in frozen sections incubated for as long as 5 hours, whereas 
in paraffin sections they became stained by 3 hours. In frozen sections incubated for 
24 hours the nuclei reacted moderately. 

We conclude that exposure of tissue to organic solvents and heat (paraffin method), 
or to aqueous solutions for prolonged periods (frozen section method), must alter the 
nuclei so that they 1) display previously masked phosphatase activity, 2) adsorb 
phosphatase itself, or 3) attract the products of hydrolysis. 


Discussion 


Dr. G. Gomori (University of Chicago): Without doubt, besides the alkaline phos- 
phatase demonstrated in paraffin sections, there are some heat-sensitive phosphatases 
present in fresh tissues which will be demonstrated by techniques like the Linderstrgm- 
Lang technique, and that would explain the differences. 

However, there is some disagreement between these findings and the findings of 
those who stained unembedded tissue cultures. I mean the papers of Chévremont 
and Levi for the moment. In the illustrations, they show some of the most intense 
nuclear staining I have ever seen described. This is exactly the opposite of what was 
found here. 

Dr. M. Wacustetn (St. Catherine’s Hospital, Brooklyn, N. Y.): I am wondering 
whether it is always necessary to use the fairly expensive “cryostat” in order to obtain 
frozen sections for histochemical studies. With liver we had good results when ordi- 
nary frozen sections of unfixed tissues were stained for alkaline phosphatase. Of 
course, it is often difficult to get thin sections. But even in paraffin sections in liver 
of various species, for instance the rabbit, and occasionally in autopsy material, bile 
capillaries can be demonstrated after comparatively short incubation periods (20 to 
30 minutes). 

Dr. Deane: Dr. Gomori, if we keep the staining or incubation period under five 
or six hours, tissue cultures give essentially the same picture as in the Linderstr¢m- 
Lang sections. Chévremont and Firket incubated for eighteen hours. I don’t know 
whether or not this completely explains the discrepancy. 

Dr. Wachstein, fresh frozen sections would probably be preferable to those we have 
used. However, the thicker the section, the more generalized the staining. The 
generalized staining may be real; I don’t know. I think the consensus of the literature 
is that bile capillaries generally do not stain intensely in rat livers with short incubation 
periods. Many workers have obtained increased staining of bile capillaries by ob- 
structing the bile ducts. With our technique, we get conspicuous bile capillary stain- 
ing in frozen sections that is quite comparable to the picture of early biliary obstruction 
with the paraffin method. 





The Effect of Variations in a Standard Technique on the Alkaline Phosphatase Activity 
of Mouse Liver with Biliary Duct Obstruction.' E. B. Tart,? Massachusetts Gen- 
eral Hospital, Boston, Mass. 


Abstract. In the continuation of the work presented at the Histochemical Society’s 
meeting of 1951, data have been accumulated which suggest that there are discrepan- 
cies between the observations of qualitative differences in alkaline phosphatase activity 
and the quantitative histochemical measurement of activity of the enzyme. The 


1 Supported by a grant from the National Institutes of Health of the U. S. Public Health Service. 
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definitive method for the estimation of the activity of this enzyme depends on the deter- 
mination of the inorganic phosphorus precipitated in tissue sections as calcium phos- 
phate. Sections are processed with a modification of the Gomori technic. The activ- 
ity is expressed in terms of the desoxypentose nucleic acid present in an adjacent com- 
parable section. Tissue sections are obtained from frozen cylinders of fresh unfixed 
tissue in a Linderstrgm-Lang cryostat. 

Observations of the effect of various fixatives, of methods of dehydration, clearing and 
embedding, of mounting sections, of buffers, and of substrates has yielded data which 
indicate that some methods in current use are not as dependable as might be thought 
from qualitative observations. These data will be presented in some detail. 





Nuclear Staining in the Gomori Method for Alkaline Phosphatase. I. Fretain ' and 
ABNER Wotr,! The Mount Sinai Hospital and The College of Physicians and Surgeons, 
Columbia University, New York, N. Y. 


Abstract. Nuclei are stained when acetone fixed, paraffin imbedded sections are 
deparaffined, hydrated, and immersed for one hour or longer in saturated tertiary cal- 
cium phosphate or saturated calcium hydroxide, then treated with cobalt nitrate and 
ammonium sulfide as in the Gomori visualizing procedure. This phenomenon is de- 
creased when sodium chloride or sodium barbital is added to the calcium solutions 
unless the sections are previously heated in distilled water. Such heated sections show 
nuclear staining by cobalt visualization after incubation in the Gomori mixture with or 
without the addition of hydrogen peroxide. Parallel sections treated identically ex- 
cept that immersion in 5% silver nitrate for 30 minutes under ultraviolet radiation is 
substituted for the cobalt nitrate-ammonium sulfide procedure, show no nuclear stain- 
ing. The cobalt and the silver visualizing processes are of approximately equal sensi- 
tivity for the localization of calcium phosphate deposits since sites of known alkaline 
phosphatase activity, such as the borders of the proximal convoluted renal tubules, 
are stained after equally short periods of incubation in the Gomori mixture. 

It is concluded that the nuclear staining with the cobalt visualizing process may well 
be in part an artifact related to calcium deposition, but that a similar artifact does not 
occur with the silver visualizing process. In the latter instance, nuclear staining re- 
sults from enzyme activity. Part of this enzymatic activity of nuclei may result from 
the adsorption of enzyme or of a component, which has diffused from other sites. Nu- 
clear staining is observed in sections immersed in an enzyme solution, rinsed, incubated 
in the usual mixture, and visualized by the silver process. 


Discussion 


Dr. G. Gomori (University of Chicago): The inhibitory effect of calcium in either 
test tube or in histochemical experiments does not become important until about 0.1 
molar calcium concentration is reached. However, a pseudo inhibition is observable 
because diffusion is checked. Structures which appear as a thick line if calcium con- 
centration is low, will become progressively thinner as the calcium concentration is 
increased. Since the area covered by the reaction has become smaller, the slide will 
appear paler, but the line itself remains quite black. 

As far as the difference between the silver and cobalt techniques goes, I think it can 
be explained by the differences in the transmittance curve of reduced silver and cobalt 
sulfide, in the presence of a protective colloid to prevent precipitation. In the case of 
silver, up to a certain concentration the liquid is pale yellow, and then it becomes 
ochre brown, then darker brown, and only at high concentrations, black. In the case 
of cobalt sulfide, the shade is gray-black throughout, and absorption is proportional to 
concentration up to the point when the shade becomes black. This is the reason why 
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at low concentrations silver may be invisible (pale yellow) while cobalt sulfide is 
visible (gray). 

The enzyme does not diffuse if the section is protected with collodion. If a large 
number of highly active sections is incubated in a Coplin jarful of buffer, and the fluid 
is tested for phosphatase, no activity is found. 

The explanation of Danielli’s results is not clear. He could obtain a nuclear staining 
only if the substrate was prepared in a special way. 

Dr. G. ACKERMAN (Ohio State University): First, lymphocyte nuclei stain very 
darkly but they have very little cytoplasm. How can this phenomenon be explained as 
diffusion from the cytoplasm or surrounding structures? 

Second, reticulum cells differentiating towards reticulum-cell sarcoma cells and 
Hodgkin’s cells exhibit a much greater phosphatase activity than the -urrounding 
non-neoplastic lymph node cells. Usually this increase in phosphatase activity appears 
first in the nucleus and then in the cytoplasm. 

Fibroblasts in tissue culture show a strong nuclear and a moderate cytoplasmic 
reaction. Right beside these cells an occasional fibroblast is found which exhibits no 
nuclear reaction. I have considered the latter cells to be degenerating. 

These observations make it difficult for me to believe that the nuclear staining is 
due to diffusion or addition of calcium phosphate to the chromatin material. It seems 
rather to be true enzymatic activity. 

Dr. M. WacusTEINn (St. Catherine’s Hospital, Brooklyn, N. Y.): It is almost heresy 
to believe that alkaline phosphatase may be demonstrable in cell nuclei. One of the 
arguments used against the validity of the results obtained with the Gomori technique 
is the fact that with the dye method phosphatase cannot be demonstrated in cell 
nuclei. However, neither with Gomori’s method nor with Seligman’s dye technique 
can esterase be demonstrated to any large extent in cell nuclei although cytochemists 
are agreed that nuclei of most organs contain considerable amounts of esterase. One 
must therefore conclude that in general these techniques do not demonstrate an enzyme 
in a location where the enzyme is apparently present. 

As far as the occurrence of phosphatase in cell nuclei is concerned the recent bio- 
chemical literature contains contradictory statements. Allfrey and his coworkers 
(J. Gen. Physiol. 35:529, 1952) have recently stated that procedures for the isolation 
of nuclei for enzyme studies using aqueous media are unsatisfactory. In contrast to 
others they find unspecific as well as other specific phosphatase splitting enzymes in 
general only in small amounts in cell nuclei. Nevertheless from their own data it can 
be seen that e. g. horse liver contains an appreciable amount of nuclear alkaline phos- 
phatase. It seems that under certain controlled conditions not only 5-nucleotidase 
but even alkaline phosphatase is demonstrable within nuclei by histochemical tech- 
niques. 

Dr. A. M. Sericman (Beth Israel Hospital, Boston, Mass.): I don’t believe it is 
heresy to claim that you have demonstrated alkaline phosphatase in nuclei. The fact 
that the azo dye technique with naphthyl phosphate does not demonstrate alkaline 
phosphatase in the areas so far investigated may be due to the fact that that particular 
substrate is not split by the phosphatase of nuclei. As a matter of fact, I would like 
to see someone use naphthyl phosphate as a substrate and stain a tissue with the 
Gomori technique. 

Dr. Gomort: It is being done. 

Dr. SeLtigMAN: Would you tell us about it? 

Dr. Gomori: The pictures (with naphthol phosphate as a substrate) are indistin- 
guishable from those obtained with glycerophosphate. You do get nuclear staining 
if you visualize activity by the cobalt-calcium technique, low calcium concentrations 
being used. Unfortunately, high calcium concentrations are incompatible with 
naphthol phosphate. 

Lymphocytes do contain phosphatase in their cytoplasm. If you use the azo dye 
technique and incubate long enough, they will show a distinct dark ring of cytoplasm, 
and that explains why the nuclei become positive by the calcium method. During 
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long incubation, there is always a certain degree of saturation around the cytoplasm 
of those lymphocytes. It never reaches the critical ion-product, so calcium phosphate 
will not precipitate. Nuclei, like cartilage, are ready to calcify and able to attract 
calcium phosphate even from an unsaturated solution and to deposit it. I find that 
in many tissues of low activity, if one incubates long enough by the azo dye method, 
the cytoplasm stains, and in the very same cells, the nuclei stain with the calcium- 
cobalt technique, for the reason mentioned. 

As far as esterase is concerned, it is present in some nuclei, especially the nucleoli. 

Dr. SeELticmMAN: Dr. Gomori has touched upon an important matter; that is, the azo 
dye technique usually requires a short incubation which may not bring out a low- 
concentration activity of some of these enzymes, whereas the Gomori techniques can 
be incubated for a long time. 

Dr. Gomort: I have incubated azo dye techniques for nine hours, but one gets a 
dark background. 

Dr. SELIGMAN: Yes, you keep changing the substrate mixture in the azo dye tech- 
niques. 

Dr. Gomort: Yes, you keep changing it. You get a fairly dark background which 
can be washed out, though. I never gota trace of nuclear staining, in any of the tissues 
I tried, and I have several hundred slides—which does not mean that somebody may 
not find a tissue which does show nuclear reaction. 

Dr. A. B. Novixorr (University of Vermont): Relative to Dr. Seligman’s suggestion 
that the nuclei may be unable to split naphthyl phosphate, we have found that the 
so-called nuclear fraction isolated from rat liver homogenate will hydrolyze 6-naphthyl 
phosphate at about the same rate as 8-glycerophosphate or phenyl phosphate. The 
percentage of total homogenate activity found in this ‘‘nuclear fraction” is similar with 
all three substrates. 

Dr. Seticman: I have always been a little suspicious of fractionation techniques 
because of the danger of absorption of enzymes from the cytoplasm into the nuclei, but 
I suspect that might get us into a long discussion. 

Dr. Novixorr: At these meetings last year we presented data demonstrating the 
adsorption of purified alkaline phosphatase by the isolated nuclear fraction. 

It might be remarked that in the case of esterase, the nuclear fraction isolated from 
rat liver possesses an even smaller percentage of the total activity than in the case of 
alkaline phosphatase. Esterase is essentially a microsomal enzyme in this organ. 

Dr. Gomori: Thatistrue. In the liver nuclei, there is no esterase. It is mainly in 
the nervous system. 

Dr. SeticmMan: You have quantitative data to indicate the ratio of nuclear to 
cytoplasmic phosphatase—the ratio and activity of nuclear to cytoplasmic? What 
does that amount to—1 to 1000 or less? 

Dr. Novixorr: The only data we have are for the “nuclear fraction.”” This fraction 
has free nuclei but it also contains other structures, like the bile canaliculi which are 
rich in alkaline phosphatase activity. The nuclear fraction possesses some 15-20% of 
the total alkaline phosphatase activity; on a nitrogen basis, its activity is about 20% 
less than that of the homogenate. We find most of the activity (45-60%) in the super- 
natant fluid; this is true even when we use the same strain of rats as did Ludewig and 
Chanutin, who found (Arch. Biochem. 29: 441, 1950) that the nuclear fraction possessed 
some 40% and the supernatant fluid some 20% of the homogenate activity. 

Dr. G. Potaski: Gold and Lindenstrom demonstrated that the precipitation of 
the dye or of the calcium or lead phosphate is always induced, is not spontaneous. 
If precipitation is induced, there is no hope of finding in our preparations the correct 
localization. Hence, there is no use in working with so many niceties of technique. 

Dr. Gomori: I would like to add just one remark. I want to refer to that paper 
of Johnson and Linderstrgm-Lang. It is a good paper, but it makes one mistake. 
It starts out with the assumption that phosphatase concentration in the organs is 
an average of 1 or 1% unit pergram. While this is true, the error from uneven distri- 
bution may attain 10,000 percent, because there are areas in the tissues that contain 
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a hundred to a thousand times as much phosphatase as the average of the tissue. 
Therefore, the radii of diffusion will be a hundred to a thousand times smaller, which 
means submicroscopic dimensions. If the technique is done correctly, the amount of 
diffusion is probably within the limits of the resolving power of a dry optical system. 

Dr. G. B. KoE ue (College of Physicians & Surgeons, Columbia University): We were 
confronted with the same problem of artefactual staining in the localization of cholin- 
esterases. We attacked it thus: We incubate fresh frozen sections in a medium 
containing a thiocholine ester, copper sulfate and glycine; a mercaptide is precipitated 
at the presumptive sites of enzymatic activity, which is then converted to copper 
sulfide. If acetylthiocholine is used as substrate and sections are previously treated 
with a low concentration of difluorophosphate (DFP), the staining shows only specific 
cholinesterase; when butyrylthiocholine is used as substrate, the sites of nonspecific 
cholinesterase are stained selectively. . 

When thin (10y) sections of the superior cervical ganglion of the cat were so treated, 
results were practically identical with either procedure; both resulted in staining of 
the nuclei of the glial and ganglion cells and practically no staining in the nerve fibers. 
These findings were obviously incorrect, since titrimetric studies by Sawyer and 
Hollingshead (J. Neurophysiol. 8: 137, 1945) with homogenates of normal and denerv- 
ated cat ganglia had clearly shown that most of the specific cholinesterase is present 
in the preganglionic fibers, and the nonspecific cholinesterase is associated with some 
other ganglionic elements. 

In experiments similar to those of Dr. Yokoyama and associates (J. Nat. Cancer 
Inst. 10: 1367, 1950), we obtained evidence that enzymatic diffusion was responsible 
for the staining artefacts. A series of precipitation-recovery tests were then conducted, 
using various concentrations of sodium sulfate with cat plasma and brain homogenates 
at pH 6.0. At 24 percent sodium sulfate, the specific cholinesterase was completely 
precipitated; complete recovery of nonspecific cholinesterase occurred with 28 percent. 
When the same concentrations of the sodium sulfate were added directly to the 
Warburg vessels at the same pH, it was found that the respective enzymes were 
inhibited approximately 50 percent. Consequently, the incubation media were 
modified similarly. Under these conditions, staining for specific cholinesterase 
activity in the superior cervical ganglion was confined to the preganglionic fibers and 
occasional ganglion cells, and nonspecific cholinesterase was localized in the cytoplasm 
of the glial cells. In preganglionically denervated ganglia, only the isolated ganglion 
cells showed staining for specific cholinesterase, whereas the pattern for nonspecific 
cholinesterase was practically unchanged. Thus, the results were in complete agree- 
ment with those of Sawyer and Hollingshead obtained by an entirely different 
procedure. 

Dr. Feie1n: Dr. Gomori questions the validity of the observation that higher con- 
centrations of calcium are inhibitory. If the Chairman will permit, I would like to 
project a lantern slide which will illustrate the basis for my statement. (Slide) Two 
histologic sections, not photographs, are being projected, one in which the calcium 
concentration is 0.04 M, the other 0.012 M. The distinction between the two appears 
quite evident. I feel that the decreased nuclear staining which Dr. Gomori reports 
with the higher concentration, may be related to the decreased over-all staining. 

Dr. Gomori also states that he obtains results with shorter periods of incubation. 
I do not doubt that his technique is better than ours. I tried to emphasize that in all 
cases where the cobalt and silver techniques were compared, the sections had been incu- 
bated together in the same Coplin jars, so that the comparison is valid. 

With respect to the influence of a collodion membrane, I believe we had better not 
assume that such a coating would necessarily prevent the diffusion of the enzyme. 
Only yesterday, we heard that a high molecular polysaccharide was diffusing into an 
aqueous solution in spite of the presence of a collodion coating. 

I do not think the nuclear staining reported by Loveless and Danielli can be ignored. 
It is true that with the most pure preparation of substrate, nuclei do not stain. Nuclear 
staining is observed, however, with less purified substrates, or with the pure substrate if 
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small quantities of the product of the reaction is added. They remark on the simi- 
larity of the latter characteristic to the situation with phosphorylase. 

Dr. Koelle’s observations are particularly interesting, since it would appear that 
the cholinesterases also diffuse and are concentrated artifactually in nuclei. 

I hope it is clear that we believe that enzyme is present in nuclei in spite of the non- 
enzymatic staining noted with cobalt. We suspect that at least some of this enzyme 
has properties different from the ordinary alkaline phosphatase with which we have 
been dealing. 





A New Method for the Histochemical Demonstration of Aryl Sulfatase. A. M. 
RutTenBurRG! and A. M. Setieman, Beth Israel Hospital, Boston, Mass. 


Abstract. A method for the histochemical demonstration of aryl sulfatase in tissue 
sections was developed using the sulfate of 6-benzoyl-2-naphthol. Enzymatic hydrol- 
ysis of this substrate vielded a naphthol of sufficient insolubility to maintain sharp 
localization in tissue sections. Following incubation in substrate solution at 37° C. 
and pH 6.1 for 2-8 hours, the sections were exposed to tetrazotized diorthoanisidine 
at the pH (7.6) appropriate for coupling. This resulted in the formation of an 
even more insoluble azo dye of high color value at the site of enzymatic activity. 

Long incubation (hours) of tissue sections was required to achieve satisfactory 
enzymatic hydrolysis. In order to preserve cellular integrity, it was necessary to use 
air dried fresh frozen sections prepared by the Linderstrgm-Lang technique. Stability 
of aryl sulfatase in the tissues of rodents to formalin permitted the use of frozen sections 
of formalin fixed tissues. In human tissues, however, formalin fixation inhibited ary] 
sulfatase. 

Diffusion of the enzyme from sections during incubation resulted in hydrolysis of 
the substrate in the supernatant solution and produced serious artifacts. Diffusion 
could be controlled by incubation for short periods (2-4 hours) of sections of formalin 
fixed tissues which had high enzymatic activity or in tissues with less activity by even 
longer incubation in substrate medium made hypertonic with sodium chloride (3.0%). 
Sections were brought to the tonicity of this hypertonic solution by brief immersion 
in solutions of sodium chloride containing progressively greater concentrations of the 
salt. 

Enzymatic activity was demonstrable in sections of kidney, liver, pancreas and 
adrenal of rat, mouse and man. In the kidney cortex the cytoplasm of the epithelial 
cells of all parts of the nephron except the glomerulus stained intensely. Enzymatic 
activity was also demonstrable in the liver cells, in the epithelial cells of the pancreatic 
acini and in the adrenal cortex. Cell nuclei, blood vessels and connective tissue were 
negative. 

Discussion 


Dr. I. Fere1n (Columbia University): From some of the photographs that were 
shown, I have the impression that when enzyme diffusion was not prevented by sodium 
chloride, the adsorption seemed to be somewhat greater in the nuclei than in the 
cytoplasm, although in the presence of sodium chloride, the nuclei were unstained. 
If that observation is correct it would be another enzyme that would have the capacity 
to be adsorbed on nuclei. 

Dr. Rutensure: In experiments illustrated by the particular slide shown, sections 
of formalin fixed dog kidney which normally do not have sulfatase activity were incu- 
bated for 24 hours in the same flask with an equal number of fresh frozen sections of 
rat kidney. The sections of dog kidney were intensely stained, and the pattern of 
distribution was similar to that of rat kidney. ‘This was due to diffusion of the enzyme 
out of rat kidney into the dog kidney. The nuclei did not stain, indicating that the 
enzyme did not diffuse into cell nuclei. Thus, the stain in the sections of dog kidney 
was due to enzymatic activity but was an artifact of diffusion of the enzyme from rat 
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kidney. This could be avoided by the use of the method as described, and testing for 
diffusion in each experiment by adding alkali and the tetrazonium compound to the 
supernatant. 





Histochemical Demonstration of 8-p-Galactosidase. Sreuma H. Rutrensera,! R. B. 


ConeEn,! Kwan-Cuune Tsov,! and A. M. Serieman, Beth Israel Hospital, Boston, 
Mass. 


Abstract. A method for the colorimetric and histochemical demonstration of 8-p- 
galactosidase has been developed utilizing as substrate, 6-bromo-2-naphthyl-f-p- 
galactopyranoside. Following enzymatic hydrolysis at pH 4.95, 6-brom-8-naphthol, 
which is insoluble and remains at the site of hydrolysis, is coupled with tetrazotized 
diorthoanisidine at pH 7.4 to yield an even more insoluble azo dye. 

Several factors made the histochemical demonstration of the enzyme difficult. Low 
order of enzymatic activity required long periods of incubation (2 hours). Since 
diazonium salts inhibit the enzyme, coupling could be performed only after completion 
of hydrolysis. Therefore it was necessary to have the substrate yield a naphthol that 
would be insoluble enough to remain at the site of hydrolysis. Fixatives inhibited 
enzymatic activity, but fresh frozen sections disintegrated on incubation in aqueous 
media at pH 5 unless mounted on microscope slides. The enzyme was readily dif- 
fusible out of the section unless the incubating medium was made hypertonic with 
sodium chloride (5.8%). To preserve the histologic integrity it was necessary to bring 
the sections to this tonicity by immersion in each of 6 sodium chloride solutions 
ranging progressively from 0.85 to 5.8%. 

Histochemically the 8-p-galactosidase activity could be demonstrated satisfactorily 
in tissues, which were found to exhibit moderate to high activity by colorimetric 
determination on extracts of homogenates (above 10 ug per hour per 3 mg. of tissue). 

Enzymatic activity, demonstrated as blue granules of dye, was located in the 
cytoplasm of epithelial cells. Cell nuclei did not contain enzyme. Staining was 
greatest in renal tubular epithelium, liver cells, gastrointestinal mucosal cells, acinar 
cells of pancreas, white matter of brain, thyroid and parathyroid, adrenal cortex and 
medulla. No activity was demonstrated in connective tissue, and in cardiac, skeletal 
or smooth muscle. 





A Modification of the Gomori Method Avoiding the Artefact Staining of the Nucleus. 


J. B. Gortscu,! P. M. Reynotps,! H. Buntine, Yale School of Medicine, New 
Haven, Conn. 


Abstract. In a critical study of the standard lead nitrate method for demonstration 
of acid phosphatase, the known harmful effect of exposure of the enzyme in the tissue 
to various concentrations of alcohol was eliminated by incubating the sections in the 
paraffin ribbon directly in substrate. There results not only a greater and more 
constant preservation of phosphatase activity but also its localization is much sharper 
and appears in finer detail. Significantly the enzyme activity is found to be localized 
in extranuclear structures in marked contrast to the results produced by the standard 
technique. Collateral experiments have demonstrated that materials in solution 
such as constitute the substrate readily enter all parts of the tissue in the paraffin 
ribbon including the nuclei. This confirms the conclusion from the Menten method 
and cellular fragmentation experiments that the demonstration of phosphatase 
activity in the nuclei is an artefact. 


Discussion 


Dr. A. M. Sevicman (Beth Israel Hospital, Boston, Mass.): That is a very inter- 
esting phenomenon. Tell us why paraffin which seems to be so readily penetrable, 
prevents the formation of the artefact. 
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Dr. A. B. Novixorr (University of Vermont): I am very much impressed with the 
pictures shown by Dr. Goetsch; I think that his technique may be the answer to the 
problem. I couldn’t help but wonder at times if what we were seeing was essentially 
a reduction in enzyme activity. You can often reduce apparent artefact by reducing 
incubation time, or by eliminating magnesium ions, or by increasing the calcium 
concentration. I hope that Dr. Goetsch might say something about whether the 
apparent enzymatic activity is reduced in the presence of the paraffin. 

Dr. Goetscu: In working with the acid phosphatase, we found that by going 
directly from paraffin ribbon to substrate, avoiding deparaffinization and hydration, 
we preserved a great deal more activity in our sections. The finding that the locali- 
zation seemed to be sharper, more distinct and actually different in loci was incidental. 
After that we used it both on the alkaline and acid phosphatase preparations. 

In the alkaline phosphatase preparation the amount of precipitate is less, so that the 
section is not as black. This would seem to indicate a slower rate of reaction. 
However, precipitate appears in the loci in the same length of time; it just doesn’t get 
as massive. 

Dr. Buntine (Yale University): In the results described by Mrs. Herman and Dr. 
Deane the nuclei in the frozen-dried tissue showed no staining after the usual Gomori 
phosphatase technique. If one assumes that the staining of the nuclei is due to a 
combination of the phosphate or calcium phosphate as such with the nuclear material 
which is perhaps dependent upon an acid-base type of reaction, then one would expect 
less staining in frozen-dried tissue which is little denatured than in tissue denatured by 
fixatives. It is well known, for example, that it is very difficult to stain fresh tissue 
in contrast to that which has been fixed or subjected to autolytic effects, with hema- 
toxylin, methylene blue, or other dyes that depend upon acid-base reactions. 

Mrs. Epita HerMAN (Harvard Medical School): We got an inhibition with calcium 
chloride in liver which was incubated for 5 hours. Fixed kidney sections, incubated 
for 4 hour, showed no inhibition and no change in localization. Unfixed kidney, 
incubated 42 hour, showed much better localization and no nuclear staining with 
calcium chloride. 

Dr. Seticman: Dr. Goetsch, you didn’t answer my question. Was it because you 
didn’t want to speculate a little? 

Dr. Goetscu: No, I was just waiting for other comments or questions. We have 
no experimental proof of the mechanism, but it would seem that the paraffin infiltrates 
the spaces between the various cytological elements that have been precipitated by 
fixation, and this seems to isolate the various elements laterally. The various ele- 
ments are exposed on the surface of the thin paraffin ribbon. Penetration of the solu- 
tion in which they are immersed takes place in a vertical way and lateral diffusion is 
diminished. By staining before the paraffin is removed, the distortion that the com- 
ponent parts of the section undergo when they are run through the alcohols and various 
deparaffinizing solutions is greatly decreased. 





Alterations in Chemical Constituents and Enzyme Activity after Freezing-Drying and 
Acetone Fixation... H.O. Yoxoyama,? M. BereNBom,? and R. E. StowE.., Uni- 
versity of Kansas Medical School, Kansas City, Kans. 


Abstract. Normal mouse livers were analyzed quantitatively for chemical and 
enzymatic changes under the following conditions: (1) fresh state; (2) storage in the 
frozen state; (3) freezing-dehydration; (4) freezing-dehydration followed by paraffin 
embedding and deparaffinization; (5) acetone fixation; (6) acetone fixation followed 
by paraffin embedding and deparaffinization. Analyses were made for total nitrogen 
and phosphorus, acid soluble nitrogen and phosphorus, protein nitrogen, total nucleic 
acid and the pentose and desoxypentose nucleic acids. The enzymes studied were: 
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acid and alkaline phosphatase, esterase, succinic dehydrogenase, and cytochrome 
oxidase. 

Values obtained on the basis of protein nitrogen showed that after acetone fixation 
there was a considerable loss of acid soluble nitrogen and phosphorus. There was 
approximately 65% and 45% loss of acid and alkaline phosphatase activity respec- 
tively, 70% loss of esterase activity, and complete loss of oxidative enzymes. Paraffin 
embedding and deparaffinization resulted in additional loss of chemical constituents 
and enzyme activity. Tissues maintained in the frozen state showed only slight 
reduction in activity for esterase, and acid and alkaline phosphatase, but approximately 
50% and 60% reduction in succinic dehydrogenase and cytochrome oxidase respec- 
tively. Results obtained for frozen-dried tissues were similar to those after freezing 
and storage. However, paraffin embedding and subsequent deparaffinization of 
frozen-dried tissues resulted in additional loss of chemical constituents and enzyme 
activity. 

Discussion 


Dr. A. B. Novixorr (University of Vermont): I wonder whether, in view of the 
profound effects of the paraffin embedding portion of the freezing-drying technique, 
Dr. Yokoyama would comment on the advantage of this technique over the acetone 
fixation method. 

Dr. R. J. BaARRNeEtTT (Harvard Medical School): I would like to confirm Dr. Yoko- 
yama’s work as far as esterases are concerned. When indoxyl acetate is used as a 
substrate for frozen-dried sections of tissues prepared by the Coon’s modification of 
the Linderstrgm-Lang technique, esterolytic activity is demonstrable in most tissues 
of the rat. 

When parallel, frozen-dried sections of the same tissues are briefly fixed in acetone, 
there is an obvious reduction of esterolytic activity. The cholinesterases are destroyed 
and the activity of aliesterase and lipase are reduced. Tissues which have weak 
aliesterase activity show none after such treatment. There is a further reduction of 
esterolytic activity after fixation in acetone and paraffin embedding. 

Dr. M. WacuSsTEIN (St. Catherine’s Hospital, Brooklyn, N. Y.): I would like to stress 
again that for many purposes ordinary frozen sections from unfixed material will give 
good results for histochemical studies. One has to consider that the equipment 
necessary for either the freezing drying technique or the Linderstrgm-Lang “Kryostat’’ 
are quite expensive. One gets for instance very poor results if one stains paraffin 
sections of human kidneys for esterase but quite satisfactory ones with frozen sections. 

Dr. Yoxoyama: Although the frozen-dried tissues show a reduction in enzyme 
activity and total amount of some other substances after deparaffinization and hydra- 
tion of sections, we feel that the frozen-dried tissues are definitely superior for cyto- 
logical localization when compared to acetone fixed material. Granules and other 
microscopic structures are well preserved with freezing-drying. We hope to improve 
the treatment of tissues after freezing-drying, so that the advantages of the freezing- 
drying process will not be lost in the post-treatment. 





Histochemical Localization of Acetyl-Cholinesterase in the Central Nervous System 
and Myoneural Junction. H. A. Ravin,! §. I. Zacks,! and A. M. Setieman, Beth 
Israel Hospital, Boston, Mass. 


Abstract. Methods for demonstrating acetyl-cholinesterase, when based upon 
chromogenic quaternary amine esters simulating the natural substrate (acetyl- 
choline), probably give rise to an erroneous localization of the enzyme because of the 
considerable solubility of the end product, and because of the affinity for the cell 
nucleus of any positively charged dye product. This hypothesis is supported by the 
reported observations on the nuclear staining reaction of nerve cells with copper thio- 
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choline and acetyl-thiocholine, although it is claimed that a cytoplasmic localization 
is obtained by conducting the reaction in 24% sodium sulfate solution, which pre- 
sumably alters the solubility of proteins and nucleoproteins. 

Therefore, a method has been devised for demonstrating acetyl-cholinesterase in 
nervous tissue by exploiting the acetyl-esterase function of the enzyme toward naphthyl 
acetates. The reaction is run on fresh frozen sections at pH 7.4-7.8 in Veronal buffer 
with calcium ion activation, in the presence of a diazonium salt. The liberated beta- 
naphthol couples immediately with the diazonium salt to form an uncharged insoluble 
azo-dye that precipitates at the site of enzymatic activity, as in the methods previously 
reported from this laboratory. Diazotized 4-benzamido-3,5-dimethoxy-aniline (Fast 
Blue RR) was found to give a less lipid soluble but redder pigment than tetrazotized 
diorthoanisidine (Diazo Blue B). 

The effect of fixatives and of specific cholinesterase inhibitors (physostigmine) on 
the staining reaction of nervous tissue, in contrast to the reactions of parenchymatous 
tissues, are offered as evidence of the specific nature of the enzyme responsible for the 
results observed in nervous tissue. 

Acetyl-cholinesterase is localized by this technique at myoneural junctions and 
around neurocytes. The end product appears as a granular pigment in the neuropile 
and on the surface of nerve cells, in good agreement with the results obtained with 
indoxyl acetate, and with the conclusions derived from physiologic, pharmacologic, 
and micro-dissection experiments reported in the literature. In contrast to the copper 
thiocholine method, nuclei do not stain nor do glial cells appear to be especially high 
in enzymatic activity. 

Discussion 


Dr. G. B. KoE.ue (College of Physicians & Surgeons, Columbia University): I am 
very much gratified to find that with the use of two different types of stains we have 
obtained results which are so similar. On the basis of the first chart shown, it appears 
that this substrate is also hydrolyzed by the aliesterase and by nonspecific cholin- 
esterases. By the use of a low concentration of difluorophosphate, it should be possible 
to eliminate staining due to these enzymes and thereby localize more selectively the 
specific or acetylcholinesterase. 

Dr. A. M. Seriaman: Dr. Barrnett has stained the central nervous system with 
indoxyl acetate as a substrate. Would you care to comment? 

Dr. R. J. BAarrNettT (Harvard University Medical School): Indoxy] acetate, like beta 
naphthol acetate, is hydrolyzed by lipase, aliesterase, serum cholinesterase, and acetyl- 
cholinesterase. The staining of the neurons of the central nervous system by the 
product of hydrolysis and oxidation, indigo blue, is almost identical with that shown 
by Dr. Ravin. For example, the motor horn cells of the cord are stained by a very 
granular precipitate which appears to be either cytoplasmic or membranous. How- 
ever, the neuropil seems to stain more when indoxy] acetate is used. 

Dr. Hartman: Have you been able to localize this activity within the brain of 
rats particularly? Elks and his coworkers in Birmingham, by chemical determination, 
have found with both acetyl choline and benzyl cholinesterases a sufficiently higher 
activity in the caudate nucleus that you would expect to see differences in sections, 
and if these differences exist, this would lend credence to the localization. 

Dr. Koetue: The caudate nucleus does stain extremely well with acetyl cholines- 
terase. It is a small type of cell, the identity of which I have not been able with our 
procedure to spot particularly well. 

Dr. Hartman: They are usually of two types, a lot of small ones and then scattered 
larger ones. 

Dr. Koruue: The small ones seem to have the bulk of the activity in the caudate 
nucleus. 

Dr. Ravin: We, too, have found higher enzymatic activity in the caudate nucleus. 
Since the activity is localized almost exclusively on the nerve cells in the preparation, 
there is increased density of staining reaction wherever one finds an increased concen- 
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tration of nerve cells. Under higher power the individual granules of azo dye are 
no different from those in areas of fewer cells and lower over-all activity. 

In order to obtain more precise localization of enzyme by minimizing diffusion of 
the stain away from the site of reaction we have searched for an extremely insoluble 
end-product. Therefore the punctate nature of the staining reaction may reflect the 
physical nature of the azo-dye as well as signify a highly discrete distribution of the 
enzyme to the synaptic junctions on neurocytes. It is not possible, therefore, to 
definitely ascribe the granules to staining of end-feet, although this possibility has 
been considered. 

Dr. Hartman: When you focused on the horn cells, do you mean to imply that 
the cells in the dorsal horn did not stain?—because there are twice as many cells in 
the dorsal horn, approximately. 

Dr. Ravin: We have selected the anterior horn cells for this demonstration only 
because there happened to be more of these large cells in the anterior horn, and because 
of the presence of “‘cap”’ formations in these particular sections. Cells in the posterior 
horn stain just as well. 

Dr. Kor te: It is interesting to note that several years ago R. Couteaux, on the 
basis of his histological and enzymatic studies of normal and denervated muscle, 
postulated that practically all the cholinesterase activity of the muscle fiber was 
located in the subneural apparatus. In a recent publication (Arch. Internat. Physiol. 
59: 52, 1951), he has shown that staining at the motor endplate is practically identical 
with the Janus green and acetylthiocholine procedures, thus confirming his earlier 
opinion. 

8. I. Zacxs (Harvard Medical School): Dr. Koelle, in several rat intercostal muscle 
preparations, we have seen a band of staining on the inner edge of the end-plate that 
is very reminiscent of Dr. Couteaux’s pictures of the end-plate. 

Further, when we pretreat the fresh frozen muscle preparations with physiological 
concentrations (10-® M) of eserine, the staining reaction is blocked. With the anterior 
horn cells, there is a marked decrease in stainability especially after pretreatment 
with the eserine base. There may well be a difference in the enzyme distribution here. 





A Probable Mechanism for the Feulgen Reaction.. M. A. Lesster, Ohio State 
University, Columbus, Ohio. 


Abstract. Calculations based on known chemical bond angles and spacings, and 
measurements of Fisher-Hirshfelder atomic models (based on Van der Waal’s volumes) 
indicate that the sulphur to sulphur spacing in the leucofuchsin molecule is between 
10 and 11 Angstrom units. Astbury’s X-ray studies of desoxyribose nucleic acid 
(DNA) nucleotide spacings show alternate nucleotide spacings of the same order. 
It has been demonstrated that each leucofuchsin molecule condenses with two aldehyde 
molecules in the Schiff reaction. Thus, the aldehydes unmasked in DNA, by the mild 
acid hydrolysis used in the Feulgen reaction, must be on alternate nucleotides for a 
reaction to occur. 

Experimental evidence for the leucofuchsin-D N A-aldehyde reaction in model systems 
and in cells indicate the probability of the above reaction. Differences in the hydro- 
lytic time necessary for an optimal Feulgen reaction in different cells provides addi- 
tional evidence for the hypothesis. 

These data will be evaluated in the light of recent advances in nucleic acid chemistry 
which have revealed the non-tetranucleotide nature of DNA as well as differences in 
DNA composition from species to species. 


[Due to microphone difficulties, it was impossible to report the discussion on this paper.] 


1 This investigation was supported in part by a research grant (C-1509) from the National Cancer Institute, 
National Institutes of Health, Public Health Service. 
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Studies in Microabsorption Spectroscopy of Nerve Cells. H. Kornic, D. Scui.p- 
KRAUT! and Ruts 8S. Koenie,! Chicago Medical School, Chicago, Ill. 


Abstract. The object of this study was to investigate the relationship between 
absorbing path length and extinction at 2650 A, 2800 i and 3340 A, the former two 
wave lengths being close to the absorption maxima for nucleic acid and protein respec- 
tively, and the effect of ribonuclease digestion upon these extinctions. In addition to 
the analysis of native absorption exhibited by unstained tissue sections in the ultra- 
violet spectrum, the relationship between section thickness and extinction was studied 
in sections stained with thionin under controlled conditions to yield specific staining of 
nucleic acid. The cytoplasm of large motor neurones of cat spinal cord fixed by per- 
fusion with 10% formalin was selected for this study. Sections were cut at 6, 9, 12, 
and 15 w and mounted in glycerine on quartz slides. Absorption microspectroscopy 
was performed with a reflecting microscope, critical illumination being provided by a 
stabilized Hanovia mercury are and a Bausch and Lomb grating monochromator. 

Mean extinctions of unstained sections showed a linear relation to absorbing path 
length (section thickness) at the three wave lengths studied, both before and after 
ribonuclease digestion. At 2650 A, the average reduction in extinction effected by 
ribonuclease digestion was 51.4%; at 2800 A, the average reduction was 36.5%. Since 
the ribonuclease employed was protease-free, it is apparent that nucleic acid contributes 
considerably to the EzgooA in this material. The extinction of thionin-stained sections 
at 6100A, close to the absorption peak of this dye, likewise showed a linear correlation 
with absorbing path length. 


Discussion 


Dr. N. B. Kurnick (Tulane University): The problem of photometry of hetero- 
geneous areas is obviously a very great one. The step from extinction curves to quanti- 
tative values in milligrams is, perhaps, insurmountable at present in this sort of 
material. The fact that the standard deviation is small on repeated examinations of 
the same cell or similar cells under similar conditions may mean only that the hetero- 
geneity is constant. Thus, it may not be permissable to compare values obtained on 
a normal cell to a pathological cell in which the distribution might be quite different. 
Since a heterogeneously distributed material produces both specific absorption and 
nonspecific absorption, the reduction in absorption which results upon the extraction 
of the material cannot be assumed to reflect only the specific absorption. 

I wonder what is the explanation of the fact that extrapolation of the curve of meas- 
ured extinctions versus thickness does not pass through the origin. 

Dr. 8S. Mupp (University of Pennsylvania): Some of the people in my laboratory 
have attempted to clear the cytoplasm of these cells enzymatically with complete 
lack of success. They are just the same density after enzyme treatment as before. 
We concluded tentatively that it was because we had not affected the protein which 
was scattering the electrons. 

Dr. H. Kornie: Much work has to be done before the quantitative validity of these 
techniques can be evaluated. This sort of data will have to be compared with data 
obtained by biochemical procedures. I agree with Dr. Kurnick completely. At the 
moment, I am merely collecting data and trying to figure out what they mean. How- 
ever, I am convinced that many assumptions made by the Caspersson school, such 
as the Exgooa being due to the nucleic acid and E2so94 being due to protein, will have to 
be modified considerably. 

The relationship between the difference in E2600, and E2go04 produced by ribonuclease 
and section thickness is a linear one. When this line is extrapolated back to zero on 
the abscissa, it intersects the ordinate also very close to zero, which is what is to be 
expected at zero section thickness. 

Regarding Dr. Mudd’s comment, protein undoubtedly contributes to total extinc- 
tion in this part of the ultraviolet spectrum. This is in part dependent upon specific 
absorption by the aromatic amino acids, in part dependent upon scattering of light by 
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protein molecules. That protein may contribute considerably to E2go94, the so-called 
nucleic acid absorption maximum, seems likely. Absorption curves of pure protein 
solutions show that the E2¢o04 of protein is from 50% to 75% of its Esgoox. In biolog- 
ical systems, nucleic acid is probably always associated with protein which renders 
difficult their quantitative estimation from ultraviolet absorption data alone. One 
can get at nucleic acid by selectively removing it, but as far as protein is concerned, 
the problem has yet to be solved. 

Dr. Kurnick: The absolute measurements went through zero thickness at 0.1 to 0.2. 

Dr. Kornie: It is true that the absolute measurements had an extinction of about 
0.1 at zero thickness. However, the curve relating the difference in Eoss0x and Ezgoo, 
before and after ribonuclease and section thickness did yield an extinction of close to 
zero at zero thickness. 





The Nucleic Acid Content of Gray Matter (Anterior Column) of the Spinal Cord 
Following Axonal Section. R.A. Portis,! A. Lazarow, and N. L. Horrr, Western 
Reserve University, Cleveland, Ohio. 


Abstract. The changes in the ribonucleic acid (RNA) and desoxyribonucleic acid 
(DNA) content of motor nerve cells during chromatolysis have been studied. Chro- 
matolysis was produced in dogs by sectioning the anterior and posterior lumbar nerve 
roots close to the spinal ganglia. The dogs were killed at two, seven, fourteen, twenty- 
eight, and fifty-six days after nerve section and the spinal cords were removed and 
dissected in a cold room. By blunt dissection it was possible to obtain samples of 
gray matter (anterior horn) for analysis. The chemical procedures of Schmidt and 
Thannhauser, and of Gomori have been adapted to an ultramicro scale and determi- 
nations of the nucleic acid content of samples weighing between 2 and 10 mg. have been 
carried out. Nucleic acid (RNA and DNA) was determined on both the operated 
and unoperated sides. Control (unoperated) animals were also studied. A decrease 
in RNA on the operated side was detectable two days after axonal section; this became 
maximal at fourteen days. By fifty-six days the RNA had almost completely returned 
to normal. Statistical analyses, comparing the deltas (7. e. the difference between 
the operated and unoperated sides) with the deltas of unoperated dogs, showed that 
there was a highly significant decrease in the RNA content of gray matter at two, 
fourteen, and twenty-eight days following axonal section. The DNA was virtually 
unchanged. 

Discussion 


Dr. Lazarow: You have found essentially the same as they have demonstrated by 
ultraviolet absorption studies. 

However much further correlation is necessary between physiological experiment and 
the U. V. studies and direct chemical analyses. I have made a later study of the 
nucleic acid content of the spinal cord after axonal section. 

Dr. H. Kornie (Chicago Medical School): It is evident from histological and histo- 
chemical studies of spinal cord that virtually all of the pentose nucleic acid (PNA) in 
the gray matter is located in the nerve cells. This is, of course, not true for desoxy- 
ribonucleic acid. In microchemical studies for PNA such as this study, it is a safe 
assumption that PNA extracted from gray matter is derived almost if not entirely 
from nerve cells. However, another source of error is present in this study which will 
reduce the magnitude of relative alterations in PNA following axonal section. A 
considerable number of neurons in the ventral gray column are propriospinal and do 
not send axons into the spinal nerves. These neurons, of course, will not undergo 
retrograde degeneration, but their contribution to extracted PNA will reduce the 
relative changes in PNA recorded. 

Dr. A. W. Po.uistER (Columbia University): In Heyden’s extensive studies of the 
nucleic acid content of the nerve cells, he found considerable changes due to fatigue 
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of the motor cells and upon repeated auditory stimulation of the sensory ganglia. Do 
you have anything to report on trying to confirm or refute that? The changes in 
nucleic acid in fatigue of the motor cells have, I believe, been confirmed. 

Dr. N. B. Kurnick (Tulane University): I think it would be very interesting if 
Dr. Lazarow’s group would do studies on physical exhaustion. 

Dr. Portis: We have not done the exhaustion studies, but I think it would be very 
interesting to do them. 





Histological Staining With Methyl Green-Pyronin. N. B. Kurnick, Tulane 
University School of Medicine, New Orleans, La. 


Abstract. The standard techniques for methyl green-pyronin staining are found to 
give inconstant results, often with poor differentiation between chromatin and cyto- 
plasm. A modified procedure is described using n-butyl alcohol for differentiation 
after aqueous methyl green staining and counter-staining with pyronin in acetone. 
This technique retains the value of methyl green as a histochemical detector for poly- 
merized desoxyribonucleic acid (DNA). The intensity of the stain, however, is 
considerably greater than that obtained with the procedure designed for quantitative 
(stoichiometric) photometric estimation of polymerized DNA. Pyronin serves pri- 
marily as a counterstain, and is not found to be a reliable indicator of ribonucleic acid 
either by this method or others which have been described. By the proposed method, 
chromatin stains green, nucleoli, cytoplasm, connective tissue and osseous matrix 
stain red, and cartilage matrix stains blue-green. 


Discussion 


Dr. E. B. Tarr (Massachusetts General Hospital): It might be of interest to this 
group to know that I am not entirely content with the methyl green-pyronin B method 
which appeared in Stain Technology. Now that satisfactory pyronins are again avail- 
able (pyronin Y from National Aniline and pyronin 1540 from G. T. Gurr of England) 
may I recommend that these be used in simple aqueous solution with methyl] green. 
Dr. David Trevan of the Wellcome Physiological Research Laboratories in England 
called my attention to the fact that the pyronins suitable for this technique, like the 
methyl greens, are insoluble in chloroform. 

Dr. S. Mupp (University of Pennsylvania): Would Dr. Kurnick be willing to com- 
ment on the experiments done at the Biochemical Foundation in Newark, Delaware. 
If my memory serves me, the animals were treated with X rays and then DNA was 
extracted from the cells of the irradiated region. Physical and chemical studies 
showed the DNA to be depolymerized but it stained equally well with methyl green. 

Dr. W. H. Carnes (Stanford University Medical School): Regarding the conven- 
tional method of staining with methyl green, a pH of 4.5 is generally used, at which 
nucleic acid dissociation is only partial and relatively few groups of nucleic acid phos- 
phorus are bound by the dye. That may have some practical importance that has 
escaped me and that I would like to know about. May the failure of pyronin to stain 
RNA selectively in the method described today be due to the pH at which it was used? 

Dr. M. J. Moses (Brookhaven National Laboratory): In reference to Dr. Mudd’s 
question, we have attempted a cytochemical check of Limperos and Mosher’s report 
that X rays depolymerize rat thymonucleic acid in situ. We irradiated rats with 2,000 
r of X rays and fixed the thymus glands 4 and 24 hours later. The Feulgen and methyl 
green reactions were determined cytophotometrically as a measure of total desoxy- 
ribonucleic acid (DNA) and of polymerized DNA respectively. In some cells radia- 
tion-induced nuclear degeneration was observed to be accompanied by a decrease in 
size andin total DNA. In all of the apparently normal nuclei, the methyl! green values 
paralleled the Feulgen, indicating no change in polymerization. However, in some, 
but not all, of the small degenerating and fragmentary nuclei, the methyl green to 
Feulgen ratios dropped, indicating possible depolymerization. Our preliminary con- 
clusion was that depolymerization, as indicated by methyl green could be, but was not 
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necessarily concomitant with the loss of DNA resulting from radiation-induced nuclear 
degeneration. It is not certain that the latter is a primary result of irradiation. We 
are continuing to work on these points. 

Dr. A. W. PouutsterR (Columbia University): This question, whether the animals 
were fed, was discussed last year at Detroit, and I will not repeat the comments which 
Post and I published in the Society’s Proceedings for 1951. 

Dr. Kurnick: I agree with Dr. Pollister that protein can interfere with basophilia. 
As a matter of fact, in our methyl green method, we made a point of removing histone 
because this basic protein competes with methyl green, and it certainly can also block 
staining with other basic dyes. The method of fixation undoubtedly plays a consider- 
able role in the uncovering of nucleic acids. 

The failure of pyronin B to distinguish ribonucleic acid was not inherent in our 
method. It occurred also in the standard techniques and, as Dr. Taft stated in his 
paper, pyronin B apparently is unsatisfactory for distinguishing ribonucleic acid. It 
functions as a nonspecific counter-stain. Since pyronin Y will again be available, 
I hope it will be possible to confirm the results of the past, in which pyronin Y was an 
effective indicator of RNA. 

As to Dr. Carnes’ question concerning the pH of staining with methyl green, the 
only reason I know for staining at an acid pH is that outside the range of 3 to 5, methyl 
green becomes decolorized by the formation of salts. At pH 4.1, we have found the 
chloroform-extracted methyl green to be stable on the shelf (in dark bottles) for 
many months. We have found that one can stain at pH 7.5 with the “leuco”’-methyl 
green, and since at that pH the desoxyribonucleic acid-methyl green complex has a 
stable green color, the same intensity of stain is obtained as by using methyl green at 
pH 4.1 and washing. This was reported in detail in the Journal of General Physiology, 
Vol. 34, 1950. 

As to the effect of X ray on DNA affinity for methyl green, there have been con- 
flicting reports. I can only say that methyl green is a sufficiently reliable indicator 
of the state of polymerization of desoxyribonucleic acid to provide a useful assay 
method for DNase activity. (Arch. Biochem. 29, 1950). In photometric techniques 
for estimating DNA in nuclei, with the tissues mounted in an aqueous medium, there is 
a fair amount of nonspecific light absorption. Changes in the size of the nucleus 
and distribution of the chromatin following X ray would considerably affect non- 
specific light loss, which has been neglected by some investigators. This may account 
for some of the discrepancies as to the influence of X ray on methyl green affinity of 
DNA in tissues. In vitro, where the afore-mentioned problem does not arise, Devreux, 
Johannson and Errera (Bull. Soc. chim. biol. 33: 800, 1951) observed progressive loss 
of affinity for methyl green on X irradiation of DNA solutions. 





Cytochemical Observations on Compensatory Renal Hypertrophy. N. B. Kurnick, 
Tulane University School of Medicine, New Orleans, La. 


Abstract. Chemical analyses were performed on whole tissue and isolated nuclei 
of the remaining kidney 1 to 18 days following unilateral nephrectomy in rats. The 
studies demonstrated that, unlike the normal development of the kidney (N. B. 
Kurnick, J. Exp. Med. 94: 373-376, 1951) growth of the kidney following nephrec- 
tomy is a true hypertrophy without significant hyperplasia. Expressed in mg. per 
cell, RNA shows an increase during the first 3 to 4 days, then return to normal by the 
eighth day, when hypertrophy is nearly complete. At this point, the concentration 
in mg. per 100 gm. tissue is less than the control. The significance of these observations 
in regard to the role of RNA in protein anabolism, net growth, and metabolic activity 
will be discussed. 

Discussion 


Dr. Norman SutxKIn (St. Louis University School of Medicine): After unilateral 
ureterectomy we reported a sharp increase both in kidney protein and in mitotic activ- 
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ity. There was also increase in number of cells between the first and fourth days. 
This is true hyperplasia. 

Dr. Kurnick: I want to thank Dr. Sulkin for his remarks. Unfortunately, there 
is not general agreement. Other observers have failed to find any significant increase 
in the rate of mitosis in mature rats following unilateral nephrectomy. 

We have interpreted “cells’’ loosely in the sense of a nucleus and its adjoining 
cytoplasm. Therefore, a binucleate cell would be counted as two cells. 





Differentiation of Ribonucleic Acid, Desoxyribonucleic Acid and Acid Mucopolysac- 
charides in Histologic Sections by Selective Extraction With Acids. W. B. 
ATKINSON, University of Cincinnati College of Medicine, Cincinnati, Ohio. 


Abstract. In order to determine the relative acid-extractability of several basophilic 
tissue components, parallel deparaffinized sections of variously fixed vertebrate tissues 
were stained in 0.01 M toluidine blue (at pH 4.5) before and after incubation‘in distilled 
water and in normal solutions of HCl, HClO, and CCl;COOH under various conditions 
of time and temperature. 

Employing the technic of Erickson, et al.1 (N HClO, for 18 hours at 5° C.), the 
following observations were made: 1) RNA is removed to different extents depending 
upon the fixative used, 2) the extractability of RNA varies in different tissues, 3) 
certain acid mucopolysaccharides are partially removed, e. g., heparin and mucoitin 
sulfate, and 4) the stainability of DNA and chondroitin sulfate is unaffected. At 
higher temperatures the rates of extraction are increased and all of the above sub- 
stances may be completely removed. 

The results obtained with HCl and CCl;COOH were qualitatively similar to those 
described above. Under the same conditions of time and temperature, however, 
the rates of extraction by the three acids differed. 

These data indicate that the acid extraction method may have limited usefulness 
in differentiating various basophilic tissue components provided technical procedures 
are empirically determined and standardized with respect to fixation and other vari- 
able factors. 

Discussion 


Dr. N. B. Kurnicx (Tulane University): Dr. Atkinson, how do you control ribo- 
nucleic acid extraction by RNase when the buffers alone remove the ribonucleic acid? 

Dr. ATKINSON: Actually, we did not have any ribonucleic acid (RNA) controls. 
We have used them before and gave them up because of the considerable expense. We 
simply selected tissues in which the nucleic acid and/or acid mucopolysaccharide distri- 
bution was well known. I certainly would advise against the 60° incubation which has 
been used previously because of the nonspecific loss of RNA, and 90° is impractical ; 37° 
to 40° should be the most useful temperature range. Again, my remarks are applicable 
only to PAF fixations and paraffin sections. If a different fixative or a different method 
of embedding and cutting is used, anything I say now does not apply. 





A Comparison of the Estimation of Desoxyribose Nucleic Acid (DNA) in Isolated 
Animal Nuclei by Ultraviolet Microspectrophotometry and by Biochemical Analysis. 
C. LEUCHTENBERGER,? R. LEUCHTENBERGER,? C. VENDRELY,? and R. VENDRELY,? 
Western Reserve University, Cleveland, Ohio and College de France, Paris, France. 


Abstract. Isolated nuclei are a more suitable material than tissue sections for the 
estimation of nucleic acids in individual nuclei by ultraviolet microspectrophotometry. 
Some of the advantages which isolated nuclei have for microspectrophotometry are 


1 Erickson, R. O., Sax, K. B., and Ogur, M.: Perchloric acid in the cytochemistry of pentose nucleic acid. 
Science 110: 472-473, 1949. 
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their chemical composition (loss of proteins), the more homogeneous distribution of 
the absorbing material and the marked decrease in light scattering. 

A comparative study (carried out at the Karolinska Institut for Cell Research) 
by ultraviolet microspectrophotometry after Caspersson, and the biochemical 
analysis of DNA on the same isolated nuclei of various animal tissues showed a good 
agreement between the results. Furthermore the u. v. microspectrophotometry of 
individual nuclei revealed varying amounts of DNA within one tissue (rat liver) while 
the biochemical analysis on the same material gave an average value which was er- 
roneous in regard to the DNA content of individual rat liver nuclei. 


Discussion 


Dr. N. B. Kurnick (Tulane University): I am very much interested in Dr. 
Leuchtenberger’s presentation. I would like to offer some confirmation, which 
may be familiar to many of this group because it was presented in discussion at the 
Philadelphia meeting of this Society. We also made similar studies in Caspersson’s 
laboratory. We used calf thymus nuclei isolated in two ways. Nuclei isolated in 
citric acid are heterogeneous, and with these we got an absorption at 260 my, which was 
too low, and we found a definite hump between 275 mu and 285 mu. Nuclei teased out 
in 30% sucrose and then fixed in carefully neutralized formalin are completely homo- 
geneous, much more so, even, than those shown by Dr. Leuchtenberger. With these we 
obtained a typical nucleohistone absorption curve. The hump at 275-285 my disap- 
peared altogether and the extinction at 260 my was in agreement with that expected 
from chemical analyses (on the citric acid isolated nuclei). I would like to have 
Dr. Leuchtenberger’s opinion about the hump at 280 muy, which was suggested in her 
curves. Our results would suggest that it is an artifact due to light dispersion by 
heterogeneity in the nuclei. 

Dr. G. Kuetn (Karolinska Institutet, Stockholm, Sweden): I would like to say that 
since Dr. Leuchtenberger did this work in our laboratory we have been doing some 
measurements on isolated beef liver nuclei with a direct photoelectric microspectro- 
graph in connection with an automatic scanning device, built by Dr. Caspersson. 
Using the same computation as Dr. Leuchtenberger did, on 23 nuclei we obtained the 
average value of 5.89 X 10-® mg. DNA per nucleus, while Dr. Leuchtenberger got 5.9. 
I wanted to mention this good agreement with regard to the number of assumptions 
involved in the calculation of absolute amounts of DNA in the heterogeneous nuclei. 
I think it is remarkable that such good agreement can be obtained on such a small 
number of nuclei. 

Dr. C. LEuCHTENBERGER: To answer Dr. Kurnick’s question as to the hump, we 
feel that the photographic microspectrophotometric method which we used is not 
sensitive enough to discover the shift. 





A Method to Supplement Microphotometry for the Quantitative Determination of 
Desoxyribonucleic Acid (DNA) in Tissues. W. H. Carnes, N. Werssman'! and 
B. GoLpBERG,! Johns Hopkins Medical School, Baltimore, Md. 


Abstract. Microspectrophotometry has afforded a means of determining the rela- 
tive DNA content of individual nuclei. A chemical standard of reference is required 
for the conversion of these relative values into absolute units. The ideal standard is 
the DNA content of the average nucleus of the same tissue. This has been determined 
customarily by chemical analysis of homogeneous nuclear suspensions, an aliquot of 
which has been counted microscopically. In many instances the preparation of such 
isolated nuclear suspensions is difficult or subject to errors. A method of calculating 
the number of nuclei in a given weight of tissue, employing conventional histological 
equipment and small amounts of tissue, is the following. The total volume of a weighed 
sample of tissue is determined after fixation, dehydration and infiltration with paraffin, 
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the excess molten paraffin being removed by blotting as the sample is removed from 
the last infiltrating bath. The volume (V) of the infiltrated sample is its weight/ 
density, density being measured by flotation in aqueous solutions of known density. 
Stained histological sections of the tissue are then examined by the method of Chalkley 
(J. Nat. Cancer Inst. 4: 47, 1943), to determine the percentage (P) of the volume occu- 
pied by nuclei. The volume of the average nucleus (N) is calculated as a sphere from 
the average of the diameters, measured in a common axis, of randomly oriented nuclei. 
The number of nuclei=V X P/N. The average DNA content of transplantable mouse 
Sarcoma 180 measured by Schneider’s method and calculated by this means was 1.36 
xX 10-8 mg./nucleus. The average DNA content of seven different preparations of 
isolated tumor cells, calculated by counting aliquots in a chamber, was 1.27 X 10-8 
mg./nucleus (varying from 1.14 to 1.37). 





Histochemical Observations on Normal and Leukemic Cells During the Development 
of Mouse Leukemia AK4. T. C. Hatut!?2 and Heten W. Deane,’ Massachusetts 
General Hospital and Harvard Medical School, Boston, Mass. 


Abstract. Leukemia AK4 is an acute lymphocytic leukemia which kills mice in from 
five to seven days and has been used extensively by Burchenal and others in thera- 
peutic trials. The present study was designed to elucidate the histochemical altera- 
tions which occur during the development of this leukemia as a basis for the investiga- 
tion of drug effectiveness. 

The peripheral blood was examined at daily intervals from the time of inoculation 
to death. Sections were studied from the spleens of moribund animals. The histo- 
chemical tests performed were: glycogen by the periodic acid-Schiff method with 
saliva controls, alkaline and acid phosphatases by the Gomori methods, peroxidase by 
Jacoby’s method, fat by Sudan black B, mitochondria by Mallory’s phosphotungstic 
acid hemotoxylin stain, desoxyribose nucleic acid by the Feulgen stain, and ribose 
nucleic acid by cytoplasmic basophilia controlled by ribonuclease digestion. Dif- 
ferential counts and cytology were done on smears stained with the May-Grunwald- 
Giemsa stain. 

There was no difference between the peroxidase, glycogen, or alkaline phosphatase 
content of normal and pathological lymphocytes during the development of a popu- 
lation of malignant lymphocytes. The amount of Feulgen-positive material did not 
appear to increase. However the amount of RNA in nucleus and cytoplasm was higher 
in the immature cells. The nuclear acid phosphatase was higher in the neoplastic 
cells. The cytoplasm of the -blast forms had a higher basic-dye binding capacity than 
the normal lymphocytes. 





Binding of Acid and of Basic Dye at Varied pH by Human Blood Cells.t (Read by ti- 
tle.) L. P. Wetss?5 and Jean 8S. ANDREws, Harvard Medical School, Boston, Mass. 


Abstract. Smears of human blood from 2 normal individuals and 2 individuals with 
chronic myelogenous leukemia, air dried and fixed in methanol, were stained from 3 to 
72 hours in 1500 ce. of 5 X 10-* M solutions of methylene blue (MB) or light green (LG) 
buffered pH 0.05 to pH 8.93 at intervals of 0.5 pH unit by HCl, acetate, phosphate 
and veronal buffers in a manner reported from this laboratory. 

Mature erythrocytes bound the acid dye through the entire pH range and the basic 
dye at pH’s 7.9, 8.0, and 8.9. Chromatin, in all cell types, was stained with MB 
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through the entire pH range but was not stained with the acid dye. Nucleoplasm, in 
all cell types, bound LG at each pH, but rejected MB. The cytoplasm of granulocytes 
and mononuclear cells was stained with MB at pH’s 3.9 to 8.9 and with LG through 
the entire pH range. Neutrophilic granules bound MB through pH’s 5.3-8.9; their 
response to acid dye could not be evaluated because intense cytoplasmic staining 
masked them. Eosinophilic granules were stained with LG at all pH’s, but they 
accepted no MB. Basophilic granules were stained metachromatically with MB in 
the pH range 1.0 to 8.0, but the granules were soluble in more acid and alkaline solu- 
tions. They could not be stained with LG. Platelets bound MB from pH 3.9 to 8.9 
and LG at every pH. Results obtained with normal and leukemic blood were in 
agreement. 

The present study extends and modifies observations of Pischinger, Mommsen, 
Pulchen, Schwartz-Karsten, Tolstoouhov, Ochs, Seke, and Kindred upon the capacity 
of blood cells to bind acid and basic dyes at varied pH. Several conditions of staining 
(ionic strength, temperature, and staining times) have been more carefully controlled 
and the pH range extended. The uptake of dye by erythrocytes has been estimated 
photometrically and the staining of basophilic leukocytes has been studied. 
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LEBLOND, CuHaRtEs P., M.D., Ph.D., Dept. of Anatomy, McGill University, Montreal 
2, P.Q. [1950. Councilor 1950—] 

Lepuc, ExvizaBetTH H., Ph.D., Dept. of Anatomy, Harvard University Medical School, 
Boston 15, Mass. [1951] 

LessLeR, Mitton A., Ph.D., Dept. of Physiology, Ohio State University, Columbus 
10,0. [1950] 

LEUCHTENBERGER, CECILIE, Ph.D., Cytochemical Laboratory, Institute of Pathology, 
Western Reserve University, Cleveland 6, O. [1952] 

Lev, Maurice, M.D., Research Laboratory, Mount Sinai Hospital, 4300 Alton Rd., 
Miami Beach 40, Fla. [1952] 

LuorKa, JoHN Francis, M.D., Dept. of Anatomy, University of Oklahoma School of 
Medicine, Oklahoma City, Okla. [1952] 

Lituig, Rautpo D., M.D., Path. Anat. Serv., Clin. Cent., National Institutes of 
Health, Bethesda 14, Md. [1950. Secretary 1950—] 

Lison, Lucren, Laboratoire d’Histologie, Faculté de Médecine et de Pharmacie, 
Université Libre de Bruxelles, Bruxelles, Belgium. [Honorary 1952] 

Lone, Marcaret E., Ph.D., Dept. of Obstetrics and Gynecology, Columbia Univer- 
sity College of Physicians and Surgeons, New York 32, N. Y. [1952] 

Lowry, Ouiver H., Ph.D., M.D., Dept. of Pharmacology, Washington University 
School of Medicine, St. Louis 10, Mo. [1950. Councilor 1950-51.] 

Lyncu, KENNETH M., Jr., M.D., 164 Wentworth St., Charleston 37, 8. C. [1950] 

MacCarp.te, Ross C., Ph.D., Laboratory of Pathology, N.C.I., National Institutes 
of Health, Bethesda 14, Md. [1950] 

McKay, Donatp G., M.D., Pathology Laboratory, Boston Lying-in Hospital, Boston 
15, Mass. [1950] 

McManvs, JosepH F. A., M.D., Dept. of Pathology, University of Virginia, Char- 
lottesville, Va. [1950. Councilor 1950—] 

Mancini, Roperto E., M.D., Instituto Nacional de Endocrinologfa, Godoy Criéz 
1221, Buenos Aires, Argentina. During 1952 at Dept. of Zoology, Columbia 
University, 628 W. 114th St., New York 25, N. Y. [1950] 

Metampy, Rosert M., Ph.D., Dept. of Zoology, Iowa State College, Ames, Iowa. 
[1951] 

ME .tors, Rospert C., M.D., Sloan-Kettering Institute, 444 E. 68th St., New York 
21, N. Y. [1950] 

Mescon, Hersert, M.D., Dept. of Dermatology, University of Pennsylvania School 
of Medicine, Philadelphia 4, Pa. [1952] 

Meyer, Kart, M.D., Ph.D., Dept. of Medicine, Columbia University College of 
Physicians and Surgeons, New York 32, N. Y. [1950] 

MontaGna, WiLu1AM, Ph.D., Dept. of Biology, Brown University, Providence 12, 
R. I. [1950] 

Mooc, Fiorence, Ph.D., Dept. of Zoology, Washington University, St. Louis 5, 
Mo. [1950] 

Moses, Montrose J., Ph.D., Brookhaven National Laboratory, Upton, Long 
Island, N. Y. [1950] 

Mowry, Rosert W., M.D., Dept. of Pathology, Washington University School of 
Medicine, St. Louis 10, Mo. [1950] 

Moupp, Stuart, M.D., Dept. of Microbiology, University of Pennsylvania School of 
Medicine, Philadelphia 4, Pa. [1950. Councilor 1950-51, Vice-President 1952, 
President 1953—] 

NELSON, WaRREN O., Ph.D., Dept. of Anatomy, State University of Iowa, Iowa City, 
Iowa. [1952] 

Nopackx, Cuar_es R., Ph.D., Dept. of Anatomy, Columbia University College of 
Physicians and Surgeons, New York 32, N. Y. [1950] 

Novixorr, ALEx B., Ph.D., Dept. of Pathology, University of Vermont, Burlington, 
Vt. [1950] 
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OrBison, JAMES L., M.D., Inst. of Pathology, Western Reserve University, Cleveland 
6, O. [1952] 

Patay, SanrorD L., M.D., Dept. of Anatomy, Yale University School of Medicine, 
New Haven, Conn. [1950] 

PaTTeRSON, ELIZABETH Knicut, Ph.D., Dept. of Genetics and Cytochemistry, Insti- 
tute for Cancer Research, 7701 Burholme Ave., Philadelphia 11, Pa. [1952] 
Pearse, A. G. Everson, M.D., Dept. of Pathology, Post Graduate Medical School, 

Ducane Rd., London W. 12, England. [1952] 

PEARSON, BJARNE, M.D., Dept. of Pathology, College of Medicine, University of 
Vermont, Burlington, Vt. [1951] 

Po.LuisTER, ARTHUR W., Ph.D., Dept. of Zoology, Columbia University, New York 
27, N. Y. [1950] 

Popper, Hans, M.D., Ph.D., Hektoen Institute, Cook County Hospital, 629 S. Wood 
St., Chicago 12, Ill. [1950] 

Ravin, Hersert A., M.D., Dept. of Surgery, Beth Israel Hospital, Boston 15, Mass. 
{1952] 

RINEHART, JAMES F., M.D., Dept. of Pathology, University of California School of 
Medicine, 3rd & Parnassus, San Francisco 22, Calif. [1952] 

Ritter, Hiupa B., B.A., Lederle Laboratories Division, American Cyanamid Com- 
pany, Pearl River, N. Y. [1952] 

Rosertis, Epvarpo D. P. pre, M.D., Depto. de Ultrastructura Celular, Inst. de 
Investigacién de las Ciencias Biolégicas, Av. Italia 3318, Montevideo, Uruguay. 
[1950] 

Roiz1n, Leon, M.D., Dept. of Neuropathology, New York State Psychiatric Institute, 
710 W. 168th St., New York 32, N. Y. [1952] 

RvUTENBERG, SetMA H., M.D., Dept. of Surgery, Beth Israel Hospital, Boston 15, 
Mass. [1952] 

RUTENBURG, ALEXANDER M., M.D., Dept. of Surgery, Beth Israel Hospital, Boston 
15, Mass. [1952] 

Sanz, Francisco A., Ph.D., Depto. Cytogenetics, Instituto de Investigaci6n de 
Ciencias Biolégicas, Av. Italia 3318, Montevideo, Uruguay. [1952] 

Sawyer, Cuartes H., Ph.D., Dept. of Anatomy, University of California at Los 
Angeles, Los Angeles 24, Calif. [1952] 

Scuuttz, Jack, Ph.D., Dept. of Biology, Institute for Cancer Research, 7701 Bur- 
holme Ave., Philadelphia 11, Pa. [1952] 

Scott, Jesse F., M.D., Huntington Memorial Laboratory, Massachusetts General 
Hospital, Boston 14, Mass. [1950] 

SELIGMAN, ARNOLD M., M.D., Dept. of Surgery, Beth Israel Hospital, Boston 15, 
Mass. [1950. Councilor 1950—] 

Sevac, ManassexH G., Ph.D., Dept. of Microbiology, University of Pennsylvania 
School of Medicine, Philadelphia 4, Pa. 

SHapiro, HERBERT, Ph.D., 1327 Blavis St., Philadelphia 40, Pa. [1950] 

Sincer, Marcus, Ph.D., Dept. of Anatomy, Harvard University Medical School, 

Boston 15, Mass. [1950] 

Smitu, CurisTiaANNa, Ph.D., Dept. of Zoology, Mt. Holyoke College, South Hadley, 
Mass. [1950] 

Sommers, SHELDON C., M.D., Cancer Research Institute, New England Deaconess 
Hospital, 194 Pilgrim Road, Boston 15, Mass. [1952] 

Sosa, Jutio M., M.D., Dept. Micr. Anatomy and Cytology, Facultad de Humanidades 
y Ciencias, Cerrito 73, Montevideo, Uruguay. [1952] 

Sparrow, Arnotp H., Ph.D., Brookhaven National Laboratory, Upton, Long 
Island, N. Y. [1950. Councilor 1951-52.] 

Sterano, Henry S. pi, Ph.D., Dept. of Anatomy, Syracuse University College of 
Medicine, Syracuse, N. Y. [1950] 

StowE.t, Rosert E., M.D., Dept. of Pathology, University of Kansas Medical 
Center, Kansas City 12, Kan. [1950] 
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Sutkin, Norman M., Ph.D., Dept. of Anatomy, St. Louis University School of 
Medicine, St. Louis 4, Mo. [1950] 

Tart, Epcar B., M.D., Huntington Memorial Laboratory, Massachusetts General 
Hospital, Boston 14, Mass. [1952] 

Tuomas, Luioyp E., Ph.D., Dept. of Biochemistry, University of Missouri, Columbia, 
Mo. [1950] 

VaALLEE, Bert L., M.D., Dept. of Biology, Massachusetts Institute of Technology, 
Cambridge 39, Mass. [1952] 

WEIssMAN, NorMANn, Ph.D., Chemist to Medical Services, Maimonides Hospital, 
4802 10th Ave., Brooklyn 19, N. Y. [1952] 

Wituiams, W. Lane, Ph.D., Dept. of Anatomy, University of Minnesota, Minneapolis 
14, Minn. [1952] 

Witson, J. Water, Ph.D., Dept. of Biology, Brown University, Providence 12, 
R. I. [1950. Vice-President 1953—] 

Wimsatt, Wituiam A., Ph.D., Dept. of Zoology, Cornell University, Ithaca, N. Y. 
[1950] 

WINDLE, Wi1Lu1AM F., Ph.D., Baxter Laboratories, Morton Grove, Ill. [1951] 

Wistock1, GEorGE B., M.D., Dept. of Anatomy, Harvard University Medical School, 
Boston 15, Mass. [1950. President 1950-51.] 

WoeERNER, CuHaArLEs A., Ph.D., M.D., Dept. of Anatomy, University of Louisville 
School of Medicine, Louisville 2, Ky. [1950] 

Wotman, Mose, M.D., Dept. of Pathology, Hadassah Medical School, Hebrew 
University, Jerusalem, Israel. During 1952 at Beth Israel Hospital, Boston, to 
July and Mt. Sinai Hospital, New York, to October. [1952] 

Yoxoyrama, Hisaxo O., Ph.D., Dept. of Pathology, University of Kansas Medical 
Center, Kansas City 12, Kan. [1952] 

ZinKLE, Conway, Ph.D., Dept. of Botany, University of Pennsylvania, Philadelphia 
4, Pa. [1950] 

Zorzou1, ANITA, Ph.D., School of Dentistry, Washington University, St. Louis 10, 
Mo. [1950] 
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ANNOUNCEMENTS 


AMERICAN CANCER Society RESEARCH GRANTS 
OF THE NATIONAL RESEARCH COUNCIL 


The Committee on Growth of the National Research Council, acting for the Ameri- 
can Cancer Society, is accepting applications for grants in support of cancer research. 
Applications for new grants received before October 1 will be considered during the 
winter and grants recommended at that time will become effective July 1, 1953. Inves- 
tigators now receiving support will be notif«:d individually regarding application for 
renewal of these grants. 

The Committee feels that a clear understanding of cancer must rest upon a deeper 
insight into the nature of the growth process, normal and malignant. Therefore, the 
scope of the research program is very broad and includes, in addition to clinical inves- 
tigations on cancer, fundamental studies in the fields of cellular physiology, morpho- 
genesis, genetics, virology, biochemistry, metabolism, nutrition, cytochemistry, physics, 
radiobiology, chemotherapy, endocrinology, and environmental cancer. 

During the past year the American Cancer Society, Inc., on recommendation of 
the Committee on Growth, has awarded approximately 250 grants totaling about 
$1,700,000. A program of similar magnitude is contemplated for the coming year. 

Applieation blanks and additional information may be obtained from the Executive 
Secretary, Committee on Growth, National Research Council, 2101 Constitution 
Avenue, Washington 25, D. C. 





CoMPETITIVE AWARDS UNDER THE FULBRIGHT ACT 
1953-54 


University Lecturing & Post-Doctoral-Level Research 
in foreign countries 


Included in this competition are awards for Austria, Belgium and Luxembourg, 
Denmark, Egypt, France, Greece, Iraq, Italy, Japan, Netherlands, Norway, Pak- 
istan, Turkey, Union of South Africa, and The United Kingdom and Colonial 
Dependencies. 


Application forms and additional information obtainable from: 
Conference Board of Associated Research Councils 
Committee on International Exchange of Persons 

2101 Constitution Avenue 
Washington 25, D. C. 


Applications must be postmarked no later than October 15, 1952. 
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U.S. Atomic ENercy ComMIssIon 


CANCER PROGRAM FOR FIscAL YEAR 1953 


The U. 8. Atomic Energy Commission, in fiscal year 1953, is changing its previous 
policy of distributing radioisotopes for cancer research and therapy free of production 
costs. Instead, it will make a charge of 20 percent of production costs. This change 
in policy affects only the price, and not the availability of isotopes; production will 
continue to meet all demands. 

In 1948 the Atomic Energy Commission initiated a balanced program for utilization 
of its special facilities and knowledge in the field of cancer research. As part of this 
program, radioactive sodium, phosphorus and iodine were made available free of pro- 
duction costs for use in the study, diagnosis and treatment of cancer and allied diseases. 
The following year the program was enlarged to include other radioisotopes distrib- 
uted by the Commission, provided the materials were to be used in cancer studies 
or treatment. 

Other phases of the Commission’s cancer program have been carried forward simul- 
taneously with the isotopes-distribution program. For example, the Oak Ridge and 
Argonne Cancer Hospitals have been established, and beds have been set aside in the 
hospital at Brookhaven National Laboratory for experimental work in cancer. 

A number of cancer research projects, concerned with the application of particular 
radioisotopes to cancer diagnosis and treatment, have been and are being conducted 
under AEC contracts at various institutions. Studies of radiation localization in tis- 
sues and of methods of making radioactive agents deposit selectively in cancerous 
sites within the body have been carried forward. Research involving the use of par- 
ticle accelerators has been conducted, and thousand-curie sources of gamma radiation 
have been developed for use in cancer and other studies. 

The field has developed so rapidly that certain clinical applications of radioisotopes 
now have become a matter of routine, and research workers have become fully aware 
of the usefulness of these atomic tools in cancer research. The Commission’s Ad- 
visory Committee for Biology and Medicine and Advisory Committee on Isotopes 
Distribution recently have advised that the stimulus of completely free distribution 
no longer is necessary to encourage the use of radioisotopes in the field of cancer. 
These committees have agreed with the view of the AEC that a charge of 20 percent 
of catalog prices will not hamper advances in this field, and that it will help to indicate 
the future demand for radioisotopes in relation to other tools for cancer research 
and therapy. 

Radioisotopes are being used in the study of a number of other diseases, such as 
heart disease and hyperthyroidism, as well as in the study of cancer. However, 
the full production cost has been charged for radioisotopes used in studies of diseases 
other than cancer. 

The following table shows the prices per millicurie which will be charged, beginning 
July 1, 1952, for the four most important radioisotopes used in cancer research or 


therapy, compared with prices for non-cancer use: : 
Cancer Non-cancer 


use use 

a ee ee $0. 15 $0. 75 
Radiophosphorus 32- - ----------------- SEK oRONREEHsRea ED . 22 1. 10 
ncn ainda hand ewatapw ah ns Ree Ae . 05 . 24 
IE Dac cninacccnccwnncnsnwnenenesenesecmnnees 7. 20 36. 00 
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APPLICATION PROCEDURE 


Under the new policy, radioisotopes will be distributed by the AEC and AEC 
distributors from July 1, 1952, through June 30, 1953, at a reduction of 80 percent 
from the AEC catalog price, within the following limitations: 

Cancer Research.—All radioisotopes will be available at the reduced price for this 
purpose. Cancer research is interpreted to mean: 1) investigations of the basic 
aspects of normal and abnormal cellular growth, and 2) development and evaluation 
of therapeutic and diagnostic procedures for cancer and allied diseases. 

Cancer Diagnosis and Therapy.—Radiophosphorus 32, Radioiodine 131 and Radio- 
gold 198 will be distributed at the reduced price for use in routine or non-experimental 
diagnosis and treatment of cancer and allied malignant diseases. 

Chemical or Biological Synthesis in the Applicant’s Laboratory.—All the activity 
to be used in the synthesis of a radioisotope-labeled compound will be distributed 
at the reduced price provided: 1) the labeled compound is for cancer research, 
diagnosis or therapy, within the applicant institution, and 2) the synthesis is per- 
formed in the applicant’s laboratories. 

Processing or Synthesis by a Supplier—A supplier, who has delivered processed 
radioisotopes to a person holding an authorization to receive radioisotopes at the 
reduced price for cancer, may submit an application for replacement, at the reduced 
price, of the activity delivered provided the original activity was obtained from the 
AEC or an AEC distributor. 

Application Procedure.—In applying for an authorization to receive radioisotopes 
under the program outlined herein, the applicant is requested to: 

1) Complete an ‘Application for Radioisotope Procurement,’ Form AEC-313, 

for each radioisotope requested. 

2) In addition to the prescribed information include the following in Item 11, 

“Statement of Use,’ or on an attached sheet: 
a) The statement, ‘‘This application is for a radioisotope to be procured at a 
reduction of 80% from the AEC or AEC distributed catalog price and to be 


used in cancer... (research, diagnosis, therapy).” 
b) The statement, ‘“‘The work will (will not) be done under a contract with the 
Atomic Energy Commission.’”’ Give contract number, if any. 


Any “Authorization for Radioisotope Procurement,’’ Form AEC-374, issued under 
this program will expire at the end of the fiscal year—June 30, 1953—unless sooner 
terminated by the Commission. 

Each shipment from a Commission distributor will be subject to the regular handling 
charge made to cover costs of packaging, monitoring and accounting. Transportation 
charges will be paid by the purchaser. 


Pau. C. AEBERSOLD, Director, 
Isotopes Division, U. S. Atomic Energy Commission, 
Oak Ridge, Tenn. 
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